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SECTION I SUMMARY 


I. SCOPE 

• 

The purpose of this report is to assess the economic impact ot the l l >72 
Federal Water Pollution Control Amendments on the industrial phosphate indus¬ 
try. The specific products analyzed are as follows: 

— Phosphorus 

-Phosphoric acid produced from phosphorus 

— Phosphorus pentoxide 
—Phosphorus trichloride 

— Phosphorus oxychloride 

— Phosphorus pentasulfide 

— Sodium tripolyphosphate (STPP) 

n- Calcium phosphates (excluding fertilizers, and defluorinated phosphates) 
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II. SEGMENTATION 


The industry producing the products listed above was segmented for analysis 
on the basis of process similarity. This was considered a more valid basis than 
geographic location, age or size of plant, or other possible criteria. 

The four segments selected were as follows: 

1. Elemental phosphorus 

2. Phosphoric acid 

3. Anhydrous derivatives of phosphorus (phosphorus pentoxide, 
pentasulfide, trichloride, and oxychloride) 

4. Derivatives of phosphoric acid (STPP and calcium phosphates) 
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NOT 1CK OF F.RRlK 


The followin'?, should be substituted for the; 
last two paragraphs on page 3. 


It was concluded In the guideline, document that for all. products under 
consideration, it was possible to achieve zero water discharge on the basis 
of best practicable control technology currently available. These two pro¬ 
ducts -- phosphorus oxichloride. and pentoxide — however, are required to 
achieve zero water discharge by 1983. For the purpose of analysis, these 
two products were analyzed for the impact of zero discharge, realizing that 
the actual cost for 1977 will be lower. 

The costa to achieve zero discharge, as presented in the effluent guideline 
development document, arc summarized in lable 1. 
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III. COSTS 


Manufacturing costs were estimated lor each ot the products under consider¬ 
ation. based on available information on investment and operating costs for plants 
producing each of the products. Representative plant sizes were selected on the 
basis of typical plants currently operating, but it was also realized that substantial 
variation in costs do exist, depending not only on plant size and age. but also on 
other factors, such as whether or not the production units are included in large 
multiproduct complexes, or operated independently. 

The costs of water pollution control were taken, at the request ol EPA. from 
an effluent guideline development document prepared for that agency. 1 It was 
not within the scope of this impact analysis study to confirm or modify the water 
pollution control costs presented in the effluent guidelines development 
document. 

It was concluded in the guideline document that for all products under 
consideration, it was possible to achieve zero water discharge on the basis ot best 
practicable control technology currently available. Therefore, pollution control 
costs used in this impact analysis were based on this single level of technology. 

The costs to achieve zero discharge, as presented in the effluent guideline 
development document, are summarized in Table 1. 

TABLE 1 

COST OF ACHIEVING ZERO DISCHARGE 


Product 

Cost 

($/ton) 

Phosphorus 

$4.60 

Phosphoric Acid (75%) 

0.65 

Phosphorus Pentoxide 

1.40 

Phosphorus Pentasulfide 

1.70 

Phosphorus Trichloride 

1.40 

Phosphorus Oxychloride 

1.25 

STPP 

0 

Dicalcium phosphate (animal feed) 

1.40 

Dicalcium phosphate (food grade) 

1.50 


1. Cost Information for the Waterborne Wastes in the Non-Fertilizer Phosphorus Chemicals 
Industry, Supplement A, prepared by General Technologies Corporation. 
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IV. IMPACT ANALYSIS METHODOLOGY 


In assessing the economic impact of the zero discharge costs.as presented in 
the effluent guideline development document, we took into consideration the fact 
that some of the products were raw materic'.s for the manufacture of other 
products covered in this report. Therefore, we included not only the zero 
discharge costs associated directly with the production of each chemical, hut also 
those arising from zero discharge costs for those raw materials used to make 
derivative products, where they were included in the list of chemicals covered in 
this report. 

For example, food-grade calcium phosphate is produced from phosphoric- 
acid. in turn manufactured from elemental phosphorus. Thus, we considered the 
total cost increases arising from the cost of achieving zero discharge in the 
production of calcium phosphate, in the production of phosphoric acid, and in 
the production of phosphorus, in analyzing the economic impact of zero dis¬ 
charge on calcium phosphate. 


The total costs of achieving zero discharge for each of the products, based on 
the costs presented in the effluent guideline development document, are sum¬ 
marized in Table 2. Also included in this table is a calculation showing the 
relation of zero-discharge costs, to current sales prices, for each of the chemicals. 

TABLE 2 


PRICE INCREASES RELATED TO GTC PROPOSED COSTS 
OF ACHIEVING ZERO DISCHARGE 


Product 

Pollution 
Control Cost 

Raw Material^ 
Cost Increase 

Total Cost 
Increase 

Current^ 

Price 

Percentage 

Increase 


($/ton) 

($/ton) 

($/ton) 

($/ton) 


Phosphorus 

4.60 

— 

4.60 

380 

1.2 

Furnace Acid 

0.65 

1.10 

1.75 

168 

1.0 

Phos. Pentoxide 

1.40 

1.09 

2.49 

400 

0.6 

Phos. Trichloride 

1.40 

1.09 

2.49 

220 

1.1 

Phos. Oxychloride 

1.25 

1.83 

3.08 

245 

1.2 

Phos. Pentasulfide 

1.70 

1.32 

3.02 

267 

1.1 

STPP 

— 

1.90 

1.90 

162 

1.2 

Feed-grade Dical 

1.40 

— 

1.40 

87 

1.6 

Food-grade Dical 

1.50 

1.35 

2.85 

257 

1.1 


1. Prices based on Chemical Marketing Reporter, 7/23/73. 

2. Based on following usages: 

0.24 tons phos/ton acid 1.09 tons acid/ton STPP 

0.24 tons phos/ton pentoxide 0.77 tons acid/ton food-grade dical 
0.24 tons phos/ton trichloride 0.29 tons phos/ton pentasulfidc 
0.19 tons pentoxide + 0.55 tons trichloricW'on oxychloride 
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V. ECONOMIC IMPACT ANALYSIS 


Based on the fact that the eosts or achieving zero discharge, as presented in 
the effluent guideline document, are relatively insignificant in relation to selling 
price - in no case more than 1.6 r /< of selling price - we conclude that cost 
increase of this magnitude would have no measurable impact on the production ol 
any of the products covered in this report. 

However, one product - STPP - faces the prospect of a substantial decline 
in market volume, as the use of this product in detergent formulations appears 
likely to continue to decline. Therefore it is likely that some reduction in 
productive capacity will take place, primarily due to reduction in demand, that 
may result in some plant closings. Decisions regarding such plant closings may be 
influenced by investments that are necessary to achieve zero discharge. 

While the effluent guideline development document indicates no net increase 
in operating cost for achieving zero discharge in t. e production of STPP, it does 
assume that some new investment may be necessary, which would be offset over a 
period of time by recovery of a salable product. Faced with declining markets, 
certain STPP producers may be reluctant to make this mandatory investment, and 
this may influence decisions regarding plant shutdowns. 

Apart from this factor, the costs presented in the effluent guideline develop¬ 
ment document would not appear to have any significant economic impact on 
any of the products covered. Cost increases of this magnitude will cither be 
absorbed, or, more likely, passed on to consumers through price increases. The 
products covered in this report have rather specific use requirements based on 
their chemical properties, and are not easily susceptible to replacement or substi¬ 
tution by other products. 

If actual costs to achieve zero discharge are significantly higher than indi¬ 
cated in the effluent guideline development document, as a number of producers 
believe to be the case, significant economic impacts may be felt. However, based 
on zero-discharge costs used for this report, we do not expect them to cause 
directly any plant closings, to lead to unemployment in any of the segments 
examined, or to have any significant impact on communities where production 
facilities arc located. 
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SECTION II, DESCRIPTION OF INDUSTRIAL PHOSPHATE INDUSTRY 

I. OVERALL INDUSTRY 

4 

That sector of the phosphate industry which is covered by this study 
generally consists of phosphorus and its principal nonfcrtili/.cr derivatives. Specif i- 
cally, the products include the following, grouped into the four segments we have 
selected: 

1. Phosphorus (P«) 

2. Anhydrous Derivatives of Phosphorus 

a. Phosphorus Pentoxide (P 2 0 5 ) 

b. Phosphorus Trichloride (PC1 3 ) 

c. Phosphorus Oxychloride (POCI 3 ) 

d. Phosphorus Pentasulfide (P 4 S, 0 ) 

e. Ferrophosphorus 

3. Phosphoric Acid Derived from Phosphorus (Furnace Acid) 

4. Major Derivatives of Furr see Acid 

a. Sodium Tripolyphosphate (STPP) 

b. Calcium Phosphates (excluding fertilizers, and 
defluorinated phosphates). 

The sector of the chemical industry producing these products has the 
following significant characteristics: 

• For the most part, the derivatives of phosphorus are manufactured 
by the same companies that produce elemental phosphorus. 

• The producers of elemental phosphorus are, with two exceptions, 
large chemical or petroleum companies for whom phosphorus and 
derivatives represent only a small percentage of total sales. 

• A large pioportion of the products in this sector are used intern¬ 
ally within the producing company for the production of other 
products and are not sold on- the open market. 

This last factor - the largely internal use of many of the products in 
this sector - makes it difficult to estimate the specific profitability of individual 
products, even for the companies producing them. They are generally included in 
a much larger range of products grouped together as a profit center and individual 
profitabilities are often not calculated for these specific products in this sector. 
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To give some perspective to the industrial phosphate sector, we have pre¬ 
pared a company — product matrix, in Table 3. 

A. SEGMENTATION 

Primarily because of similar technology, we have broken down the industry 
sector which is the subject of this proposal into four segments, by product 
groupings. They are as follows: 


1. Phosphorus 

This is produced in an electric furnace operation. Except for size, there is 
relatively little difference among the several furnaces operating in Florida, in 
Tennessee, and in the western United States. 

2. Anhydrous Phosphorus Derivatives 

The technology for producing phosphorus pentoxide, phosphorus tri¬ 
chloride, phosphorus oxychloride, and phosphorus pentasulfide, is generally simi¬ 
lar in that all involve reaction with other chemicals under anhydrous conditions. 
The volumes involved in the production of these products are comparatively small 
in relation to other chemicals examined. 

3. Furnace Phosphoric Acid 

This is by far the largest volume use for elemental phosphorus. The produc¬ 
tion of acid involves an oxidation and absorption step. Plants for producing 
furnace acid are fairly standard and similar. 

4. Derivatives of Furnace Acid 

The production of sodium tripolyphosphate, and of the various calcium 
phosphates, are generally similar and involve the aqueous reaction of phosphoric 
acid with inorganic chemicals such as soda ash or lime. With the exception ot one 
plant using wet process acid, all STPP is manufactured from furnace acid. Most 
feed-grade dicalcium phosphate is manufactured from wet process acid, while 
most technical calcium phosphates and all food grades arc produced from furnace 

acid. 
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B. RELATIVE IMPORTANCE OF EACH SEGMENT 


The following table gives some perspective on the relative production capac¬ 
ity for each of the major segments and products as well as the number of plants in 
operation. 


Product Volume 

Product Segment Approximate Production, 1971 Number of Plants 


Phosphorus 

(OQO/tons) 

545 

10 

Furnace Acid 

954 

21 

Anhydrous Derivatives 

151 

20 

Furnace Acid Derivatives 

STPP 

1040 

15 

Feed-Grade 

Dicalcium Phosphate 

592 

8 

Technical Calcium 

Phosphates 

50 

6 


It should be noted that there is some duplication in the location of plants, in 
that many of these products are produced in integrated chemical complexes 
which in many instances produce more than one of the products listed above. 
Therefore, in terms of plant locations, there are fewer than would be indicated by 
simply adding the number of plants for the product segments included above. 

C. TYPES OF FIRMS 

For the most part, the products included in this section of the phosphate 
industry are produced by divisions of large chemical or oil companies. The 
principal companies involved in the manufacture of most of these products arc 
characterized in Table 4, in terms of annual sales, total number of plants, 
indicative estimate of the number of major products produced, and the number of 
employees. It can be appreciated that the products involved in this sector in the 
case of all of these companies represent only a small fraction of their total 
manufacturing operations. 

We discuss in the following section individual characteristics of each of the 
four segments chosen. However, it should be appreciated that there is an unusu¬ 
ally close interrelationship between the segments. There may be production 
facilities for products from two or three of the segments in a single chemical 
complex. 
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Furthermore, a very large part of the production of the chemicals included is 
used by a single producing company for the production of other of the chemicals 
discussed. Therefore, a major volume of the product is transferred internally 
within a single company rather than being sold commercially on a company to 
company basis. 

TABLE 4 
COMPANY DATA 

1972 Sales No. of Plants No. of Products No. of Employees 

($ million) 


FMC 

1.497.7 

85 

220 major products 

46,000 

Mobil 

10,295.1 

120* 

More than 200 major products, 
plus a full line of petroleum products 

75,600 

Monsanto 

2,225.4 

85 

71 major products 

63,000 

Occidental 

2,720.8 

92* 

More than 200 major products, 
plus a full line of petroleum products. 

33,000 

Stauffer 

544.2 

103 

62 major products 

10,300 

01 in 

1.098.3 

80 

300 major products 

29,000 

Cyanamid 

1,358.9 

109 

120 major products 

41,400 

Borden 

2,192.9 

147 

200 brands 

48,000 

IMC 

491.2 

71 

60 principal products 

7,000 


Excluding pipeline and drilling facilities. 




These two facts make it particularly difficult to determine individual 
product profitabilities. This is true not only because it is impossible to determine 
individual companies transfer pricing policies but also because the companies 
themselves in many instances do not look at the individual products as separate 
profit centers, and do not attempt to calculate or keep track of the profitability 
of the individual product or product segment. 

Nevertheless, we have presented indicative cost data in the following sections 
to give an approximate idea of the economics of manufacture and sale of the 
specific products. 

It should be pointed out that we have not discussed ferrophosphorus as an 
individual product. This is a by-product in the manufacture of elemental phos¬ 
phorus. According to information from the producers, there are no water pollu¬ 
tion problems uniquely associated with ferrophosphorus since no water is 
involved in its recovery or handling. The general aspects relating to the use and 
disposal of water in electric furnace operations are discussed under Phosphorus. 

D. TYPES OF PLANTS 

For the most part, the types of plants operated in each of the four segments 
discussed in this report are generally similar from company to company with 
principal variations occurring in size of plant, and age. More specific character¬ 
istics of the plants are discussed under the individual segment sections. 

The one major exception to the generally uniform nature of plants is the fact 
that one plant, that operated by Olin Corporation, produces sodium tripoly¬ 
phosphate from wet process acid rather than from furnace acid. The use of the 
wet process for producing phosphoric acid in this plant, presents quite a different 
range of water pollution problems, compared to a plant for producing phosphoric 
acid from phosphorus. 

We have discussed the number of employees involved in each segment 
section. For this overall sector of the industry, it seems clear that the number of 
employees in the phosphorus segment is an order of magnitude higher than the 
employees involved in the production of the other three product segments. Total 
employment in the phosphorus segment may exceed 3,000 employees, while 
employment in each of the other segments is estimated to be substantially 
under 1,000. 

E. FINANCIAL CONSIDERATIONS 

It is important to note the highly integrated nature of that sector of the 
industry in which these four product segments arc involved. The high degree of 
interrelationship between the various product segments makes a profitability 
analysis of any one segment difficult. 
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Sensitivity to price increases arising from water pollution control costs 
would have two major aspects. The first would be the differential increases among 
individual companies. Companies with above average pollution control costs 
would be put at a competitive disadvantage to those companies with lower costs. 

The second aspect to price sensitivity would relate to the vulnerability of the 
specific products or class of plants to substitutable materials. In almost ali cases, 
there is a very specific requirement for the final derivatives covered in this report, 
and it is unlikely that there would be direct substitution by alternate products. 
However, there is the possibility that some of these products could be produced 
in new plants from wet process acid at prices that would be competitive with 
furnace acid, particularly if there are substantial cost increases arising from 
pollution control measures. , 

There is only one plant in the United States producing industrial phosphates 
from wet process acid - the plant of Olin at Joliet, Illinois. This plant is about 40 
years old and uses a rather conventional series of crystallization and filtration 
steps to produce products of a desired purity. 

An alternative type of process has been under consideration by a number of 
companies. This involves the purification of wet process acid via the solvent 
extraction route. There are indications that these processes, which are still under 
development, may permit the production of the industrial phosphates at costs 
competitive with productions from furnace acid. Interest in these processes would 
be greatly stimulated if there were indications that the cost of products produced 
via the furnace acid route were to increase substantially because of pollution 
control measures. 

However, since these processes are still under development and are of a 
highly proprietary and confidential nature, it is difficult to get information with 
any precision on the costs of this alternate route to the derivatives with which we 
are concerned in this report. 
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II. PHOSPHORUS 


A. SEGMENT DESCRIPTION 

Phosphorus is universally produced in a>. electric furnace operation, Irom 
phosphate rock. Phosphate rock, sometimes processed into nodules, is blended 
with coke and occasionally with silica. This mixture is then added to the electric 
furnace. Electric power is introduced through vertical electrodes and serves to 
provide the heat necessary for the reaction to take place. The coke reduces the 
phosphate content of the phosphate rock to elemental phosphorus which passes 
from the furnace as a gas along with carbon monoxide. Phosphorus is condensed 
by cooling, is filtered, and stored. Because it oxidizes on contact with the air, 
phosphorus is generally stored and transported under a water blanket. 

A small amount of iron is contained in the phosphate rock, and combines 
with phosphorus to form ferrophosphonis. This sinks to the bottom of the 
furnace crucible and is tapped periodically as a molten material. It solidities, is 
cleaned, graded, and stored for future shipment. 

A slag forms in the process, consisting of the non-phosphatic components of 
the phosphate rock, and silica. This is also tapped as a liquid, cooled and broken 
up by water cooling, and used as a construction aggregate material. 

Phosphorus is used entirely for the production of various phosphate chemi¬ 
cals, most of which are included in the other segments of this report. 

Phosphorus is a solid at normal temperatures but is readily liquefied by 
heating to approximately 45° centigrade. 

Phosphorus furnaces in the United States are generally of quite similar design 
although they range in size from smaller units with a capacity of approximately 
10,000 tons of phosphorus per year, to the larger furnaces producing as much as 
45,000 tons per year. In many instances several phosphorus furnaces are grouped 
together in a production complex although single furnace installations are in 
operation. 

B. PLANTS AND COMPANIES 

There are six companies producing phosphorus in the United States. In 
addition, the Tennessee Valley Authority (TVA) an agency of the U.S. Govern¬ 
ment is also a major producer. 

Table 5 lists those companies producing phosphorus, together with the 
number of furnaces estimated in operation together with their capacity. 
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TABLE 5 



PHOSPHORUS PRODUCERS 




Number 

Operating Furnace 

Company 

Location 

Operating Furnaces 

Capacity, Tons P 4 

Holmes Company 

Pierce, Florida 

2 

20,000 

FMC Corporation 

Pocatello, Idaho 

4 

145,000 

Mobil Chemical 

Nichols, Florida 

1 

5,000 

Monsanto Company 

Soda Springs, Idaho 

3 

110,000 


Columbia, Tennessee 

6 

135,000 

Hooker Chemical 

Columbia, Tennessee 

3 

60,000 

Stauffer Chemical 

Silver Bow, Montana 

2 

42,000 


Tarpon Springs, Florida 

1 

23,000 


Mt. Pleasant, Tennessee 

3 

45,000 

TVA 

Muscle Shoals, Alabama 

3 

40,000 

658,000 


It can be seen that phosphorus production is concentrated in three general 
areas, associated with the nearby availability of phosphate rock. These are in 
Florida, in Tennessee, and in the Idaho-Montana area. 

Because phosphorus plants are generally located because of raw material 
considerations rather than market locations, and because phosphorus is the most 
economic form in which to transport phosphate values, production of the deriva¬ 
tives of phosphate is generally undertaken at locations other than where the 
electric furances are located. The exceptions to this are Stauffer Chemical Com¬ 
pany at Silver Bow, Montana, Occidental at Columbia, Tennessee, and the TVA at 
Muscle Shoals, Alabama. At these locations, phosphoric acid is also produced. 

However, as shown in the company-product matrix in the previous section, 
five of the six companies producing phosphorus also produce at other locations 
phosphoric acid, sodium tripolyphosphate, and certain of the anhydrous phos¬ 
phorus derivatives. The Holmes Company, which acquired their phosphorus 
furnace from Continental Oil, is the only company which produces only phospho¬ 
rus and no derivatives. 

It is important to note that because of this configuration of the industry, 
most elemental phosphorus is shipped substantial distances after manufacture to 
locations where it is processed into derivatives. As mentioned, it must be shipped 
under a blanket of water. The volume of water which is used to blanket the 
phosphorus both in transportation and handling becomes contaminated with 
phosphorus, and is therefore one aspect of water pollution concern which must be 
kept in mind. 
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In the manufacture of phosphorus, there appear to be two general water 
pollution problems. The first involves so called “phossy" water - water con¬ 
taining suspended phosphorus. Several water streams in the plant that pick up 
phosphorus arc combined and generally treated by means of settling ponds. 

A more serious problem in the production of phosphorus relates to the water 
treatment effluent both from the burden preparation facilities and also from 
water scrubbing of the effluent gases. Fluorides are a particular problem. The 
incoming phosphate ore contains about 3% fluoride. Approximately 20% of this is 
volatilized both in the burden preparation and in the furnace itself, and ends up in 
the waste treatment water. The remaining 80% of the fluorine is contained in the 
by-product slag. It is believed that there are some plants which have a total 
recycle for the scrubber water whereas others may go only part way and may be 
in fact discharging some fluorine. 

It is difficult to generalize on the types of firms or plants that would be 
particularly affected by water pollution control measures. With the exception of 
the Holmes Company in Florida, phosphorus is manufactured as a minor portion 
of much larger enterprises and thus corporate characteristics would have little 
relevance to water pollution control impact. 

As to the location of the phosphorus furnaces - generally concentrated in 
Florida, Tennessee, and the Idaho-Montana regions - it is also difficult to identify 
one area or another that would expect a moderately different impact from water 
pollution control measures. It is true that phosphate rock mined in Tennessee is 
generally beneficiated by washing, and effluent wash water has been identified as 
a major pollutant. However, these mining operations are generally quite separate 
from production of phosphorus, and do not lie within the scope of this segment. 

The labor force in a phosphorus furnace operation is relatively high per unit 
of product, compared with other operations in the chemical industry. It appears 
that the labor force at a typical multifurnacc phosphate operation will range from 
250 to 600. Preliminary estimates would indicate that at the 10 locations where 
phosphorus is produced, involving some 26 furnaces, somewhere in the neighbor¬ 
hood of 3,000 men might be employed directly associated with the production of 
phosphorus, but not including mining operations. This would appear to be the 
largest labor force by far of the four segments included in this study. 

C. FINANCIAL PROFILE 

Since phosphorus is produced at locations where, with one exception, no 
other products are manufactured, the complications of attempting to allocate 
costs to calculate profits in a large multiproduct complex arc not a factor in 
examining the financial profile for phosphorus. However, a very large proportion 
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of phosphorus produced is consumed at other locations by the same company. 
Therefore, the profitability of phosphorus production in these instances should 
probably be judged by examining the transfer price, which generally is not 
available for individual companies. The proportion being sold on the open market 
is sufficiently small that it does not represen* a meaningful indication ol the 
average income being received by the phosphorus producing unit. However, 
lacking other data, this is probably the best available measure ol income lor a 
phosphorus production unit. 

As a preliminary indication of the financial profile lor the production ol 
phosphorus we present in Table 6, an estimate of the cost ot manufacturing 
phosphorus in Tennessee including depreciation, and typical input costs. 

There is a fairly wide range in cost of the major variable costs for phosphorus 
production particularly regarding electric power. These range lrom 2.3 mills per 
kwh for power from the Bonneville Power Administration in Montana to an 
estimated 7.26 mills for power supplied by the Tampa Electric Company to some 
of the operations in Florida. This difference of 4.93 mills per kwh is equivalent to 
about S59.00/ton of phosphorus. 

The cost of phosphate rock is another cost which varies substantially 
between one operation and another. This cost is much more difficult to ascertain 
because for the most part phosphate rock is mined by the phosphorus producer 
and transferred at an unknown price to the phosphorus furnace operation. 

There is less variation in the cost of coke, but this again will lead to some 
variation in the cost of production. Producers in the Tennessee and Florida area 
are believed to be paying around $23.00 to $26.00 per ton ol coke delivered. 
Producers in Idaho and Montana are paying an estimated $35.00 per ton, 
currently. 

The price of phosphorus is obviously the most important single item 
affecting profitability. Factors affecting price will be discussed in more detail in 
the following section. However, the fact that over 90 7c of phosphorus produced is 
transferred within the producing company to other chemical manufacturing 
facilities, makes it extremely difficult to ascertain what in effect was the net 
income for the individual plants. 

The Department of Commerce, in its statistics on inorganic chemical produc¬ 
tion, permits calculation of an average annual f.o.b. price for phosphorus. This is 
probably the best indication of price, but still leaves the possibility open that the 
transfer prices established by the companies on the one hand might be somewhat 
arbitrary and artificial in nature. 
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TABLE 6 
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ESTIMATED COST OF ELEMENTAL PHOSPHORUS MANUFACTURE 

Basis: Three (3) electric furnaces rated at 35.000 KW each, 

producing a total of 72,700 tons of P 4 per year 
Location: Tennessee 

Capital Investment: S45 million 


Manufacturing Cost 


Cost Item 

Units 

Units/Ton P 4 

Cost/Unit 

Cost($)/Ton 

Raw Materials: 

Tennessee matrix 

tons 

10.0 

5.20 

52.00 

(26% PjOs) 

Silica 

tons 

0.45 

1.98 

0.89 

Coke 

tons 

1.42 

25.00 

35.50 

Electrodes 

lbs 

.42 

0.32 

13.44 

Utilities: 

Electricity 

kwh 

12,500 

0.0068 

85.43 

Water 

Mgal 

20 

0.05 

1.00 

Fuel 

MSCF 

12 

0.23 

2.76 



Cost($)/Year 

Cost($)/Ton P. 

Salaries, Wages, and Overhead 

3,500,000 

48.14 

Operating Supplies 

400,000 

5.50 

Maintenance 

4,000,000 

55.02 

Taxes and Insurance (2% of investment) 

900,000 

12.38 

Depreciation (6.67% per year) 

3,001,500 

41.29 

Total 


353.35 

By-products credits 


-19.00 

Net manufacturing cost 


334.35 


ion 
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Using the cost figure indicated above, plus an arbitrary charge for GS&A of 
S35.00/ton the profitability can be estimated for various phosphorus prices. This 
is presented in Table 7. This shows that with an average cost of S370 per ton of 
phosphorus as a manufacturing cost, including GS&A, the profitability after taxes 
ranges from $5 with a $380/ton phosphorus prec, l'.o.b. plant, to S25/ton at a 
S420/ton selling price. Using an estimated fixed investment of S620/ton, the 
after-tax return, as a percentage of fixed assets, ranges from 0.8% at S380 phos¬ 
phorus, to 4.0% at S420 phosphorus. 

This table is useful only to indicate the sensitivity of profitability to price ol 
phosphorus. Our estimates of the cost of manufacture have been for one specific 
hypothetical furnace operation in Tennessee, and wide variations between plants 
can be expected on the basis of increases in power costs, coke costs, phosphate 
rock costs, operating rate, etc. This table is not in any sense to be taken as a 
representative estimate of the profitability of the phosphorus industry. 

As an indication of the wide swings which prices have taken in recent years, 
we present in Table 8 the average value of phosphorus shipment as reported by 
the U.S. Department of Commerce in their publication, “Current Industrial 
Reports - Inorganic Chemicals,” series M28 A-14. 

More recent trade information indicates that phosphorus prices have risen 
sharply recently. Current commercial sales are reportedly being made at a level of 
21 tf per pound, equivalent to $420.00/ton. 

As can be seen from the figures in Table 6 , raw material and utility cost present 
about 57% of the total direct manufacturing costs for phosphorus. This means 
that the portion of total costs which would be affected by added water pollution 
costs would be less than 50% of the total. Thus, the leverage on total manufac¬ 
turing costs of added investment and operating costs necessary for water pollution 
control would be less than in processes where the raw materials were not such a 
major factor in manufacturing costs. 

The salvage value of a phosphorus installation is likely to be negative — that 
is, the cost of dismantling and disposing of the facilities would probably be 
greater than any credits for equipment re-use or resale. 

D. PRICES AND MARKETS 

It is important in examining the pricing situation regarding phosphorus to 
appreciate the largely captive nature of phosphorus movements. Over 90% of the 
phosphorus produced by the six companies, and the TV A, is used within the 
producing organization (although generally at other locations) for the production 
of phosphoric acid and phosphorus derivatives. 
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TABLE 7 


SENSITIVITY OF PHOSPHORUS PROFITABILITY 
(dollars per ton) 


Price of Phosphorus/Ton 

Cost of Manufacture 


$380 

$400 

$420 

Direct Cost 

$335.00 




GS&A 

35.00 

370 

370 

370 

Profit Before Taxes 


10 

30 

50 

Profit After Tax 


5 

15 

25 

After Tax Return 


0.8 

2.4 

4.0 


(% on assets) 1 


1. Basis: $620/annual ton 


TABLE 8 


RECENT PHOSPHORUS PRICES 
($/ton f.o.b. plant) 



All Shipments' 

Commercial Shipments' 

1968 

$336 

$300 

1969 

356 

329 

1970 

358 

287 

1971 

381 

356 


1. Both intracompany and intercompany. 

2. Intercompany only. 


Source: U.S. Department of Commerce "Current Industrial Reports — 
Incrganic Chemicals," Series M28A-14. 



The Department of Commerce in its Bulletin M28-I4, reports monthly and 
annual movements of phosphorus both in total, and lor commercial sales alone. 
These have been presented earlier in Table 8. Along with tonnages, total values are 
indicated. This is generally considered a good measure ol the actual prices at 
which phosphorus does move. 

In Table 8, we have listed the average value per ton of phosphorus lor the 
period from 1968 to 1971 for both total shipments and for commercial sales. It is 
interesting to note that the value of commercial sales has been consistently below 
the value of total shipments. Since 90% of the total is represented by intra¬ 
company shipments, the value for total movements is very close to that ot 
intra-company movements. 

Because they represent only a small portion — less than 10% — of total 
phosphorus production — commercial sales can expect to show fairly wide 
fluctuation in prices since this small sector of the -total production would be 
expected to reflect any overall supply/demand imbalance that might develop. In 
other words in periods of over-capacity, prices on the open market would be 
expected to drop substantially and in periods of shortages to rise significantly. 

The prices for intra-company shipments as in most internal transfer situa¬ 
tions, is arbitrary to a degree. Often such transfer prices particularly between 
separate divisions of a company, arc set by policy at the prevailing price in the 
open market. However, this does not appear to be the case in phosphorus since 
intra-company shipments have consistently been substantially higher than open 
market prices. 

Because of the somewhat arbitrary nature of intra-plant transfer values, it 
will be difficult to assess the effect of water pollution control costs on this 
particular price. Increases in costs will undoubtedly be reflected in increased 
prices of the ultimate derivatives, although not necessarily properly reflected in 
the reported transfer prices, as in the Department of Commerce Series M28 A-14. 

There is no alternative to phosphorus in the production of its derivatives. 
Therefore, there is no sensitivity to price in the direct demand for phosphorus 
itself. There may however, be some sensitivity to price in the demand lor some it 
its derivatives, and this will be reflected ultimately in the demand for phosphorus. 
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III. FURNACE PHOSPHORIC ACID 
A. SEGMENT DESCRIPTION 

Phosphoric acid can be produced by quite dilferent processes. The first 
— the “wet process" route - involves the treatment ol phosphate rock with 
sulfuric acid and the subsequent filtration ol solid gypsum, to produce a relatively 
crude phosphoric acid. The second route, which produces a purer acid, involves 
burning elemental phosphorus to form phosphorus pentoxide, and then absorbing 
this in water to form phosphoric acid. 

With minor exceptions, wet process acid is generally used lor the production 
of various liquid and sob- 1 fertilizer materials while phosphoric acid produced 
from phosphorus or “furnace acid” is predominantly used for the production ot 
various industrial phosphate products. Nevertheless, there is one plant in the 
United States producing industrial phosphates from wet process acid, and some 
small use of furnace acid in liquid mixed fertilizers. 

Almost all of the furnace acid produced in the United States is manufactured 
by the producers of phosphorus. All producers except the Holmes Company also 
produce furnace acid and other derivatives. 

Furnace acid is used primarily for the production of a wide variety of 
phosphate chemicals, principally salts of sodium, potassium, and calcium. The 
material produced in largest volume from furnace acid is sodium tripolyphos¬ 
phate, for the detergent market. Its production and that ol other calcium 
phosphates is covered in the fourth segment of this industry sector. 

Only two furnace acid plants are located adjacent to a phosphorus furnace; 
that of Stauffer in Silver Bow, Montana, and Occidental’s plant at Columbia, 
Tennessee. All other phosphorus production used to make acid is shipped to other 
locations. 

B. PLANTS AND COMPANIES 

There are estimated to be 23 furnace acid plants in the United States. 
Twenty-one of these arc operated by basic phosphorus producers. One plant in 
Texas uses purchased phosphorus. Acid plants arc listed in Table 9 with their 
locations, and total company capacity. Individual plant capacities were not 
available at the time of writing this draft. 

As in the case of phosphorus, it is difficult to identify types of firms or types 
of plants, involved in the production of furnace acid, that would be impacted to a 
greater or lesser degree by water pollution control measures. Furnace acid plants 
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TABLE 9 


LOCATION OF FURNACE ACID PLANTS 


Producers 

Plant Location 

Grouped Company 
Capacity 



(tons P 2 0<) 

FMC Corporation 

Carteret. New Jersey 
Lawrence, Kansas 

Newark, California 

Green River, Wyoming 

340,000 

Mobil Oil Corporation 

Carteret, New Jersey 

Fernald, Ohio 

115,000 

Monsanto Company 

Augusta, Georgia 

Carondolet, Missouri 

Kearny, New Jersey 

Long Beach, California 
Trenton, Michigan 

455,000 

Occidental Petroleum Corp. 

Dallas, Texas 

Jeffersonville, Indiana 
Columbia, Tennessee 

85,000 

Stauffer Chemical Company 

Chicago, Illinois 

Chicago Heights, Illinois 
Morrisville, Pennsylvania 
Nashville, Tennessee 
Richmond, California 

Silver Bow, Montana 

South Gate, California 

250,000 

TVA 

Muscle Shoals, Alabama 

75,000 

Goodpasture, Inc. 

Brownfield, Texas 

45.000 

Total 


1.365,000 




»— 
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arc generally located close to concentrated markets and thus tend to he placed in 
more densely populated areas than phosphorus furnaces for example. 

The labor force for an individual furnace acid plant is not large. If operated 
as an independent unit and not as part of a complex, the labor force for a furnace 
acid plant might vary from 20 to 40 people depending on size. If included ir. a 
complex of several plants, the labor component might be significantly less. 
Assuming an average of 30 men per plant, with some 20 furnace acid plants in 
operation, a total industry force in this segment of some 600 could be approxi¬ 
mated. 

The technology is generally quite similar for all of the furnace acid plants 
with the major difference lying in the lining of the furnace in which phosphorus is 
burned to phosphorus pentoxide. In the older plants, these were lined with 
carbon bricks, which were cooled by dribbling cooling water over them. This led 
to some pickup of the phosphorus pentoxide in this cooling water resulting in 
contamination of this water with phosphoric acid. 

All of the more recent plants that have been built substituted a stainless steel 
water cooled jacket for the carbon brick, and cut down to a very high degree on 
this contamination of the cooling water. In all other aspects we believe that all of 
the furnace acid plants are generally quite similar. 

C. FINANCIAL PROFILE 

As pointed out previously, in the entire group of phosphorus based products 
being examined in this report, there is a great deal of vertical integration with 
most products being produced by companies that either manufacture the basic 
raw materials or consume the products themselves in the further manufacture of 
other derivatives. (Thus, we are faced with the pioblem of estimating or ascer¬ 
taining intra-company transfer values rather than examining open market prices.) 
This is particularly confusing in the case of the products like furnace acid, where 
both the raw material input - in this case phosphorus - and the final product - 
furnace acid - are generally transferred on ar. intra-company basis. 

On the other hand, the financial analysis of furnace acid manufacture is 
greatly simplified by the fact the cost of the basic raw material - phosphorus - 
the overwhelmingly most important cost component in the overall manufacturing 
cost of furnace acid, comprises approximately 94% of the final cost. Thus, any 
increases in process costs that might arise because of water pollution control 
measures, even if relatively substantial, would have only a minor effect on the 
overall cost of manufacturing furnace acid. 
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We show in Table 10 the representative breakdown of the cost of making 
furnace acid. We have used the current list price for open market purchases of 
phosphorus of $380.00 per ton although we believe that current spot sales are 
actually being made substantially above this. 


Prices for furnace acid currently are well below this calculated cost of 
manufacture and have been for recent years. This suggests that phosphorus is 
being transferred into the furnace acid plants at substantially below the list price, 
although the Department of Commerce figures for intra-company do seem to 
indicate the transfer at essentially list. This would indicate that the furnace acid 
plants are operating at or below the manufacturing cost on this transfer basis. 

D. PRICING 

As in the case of phosphorus, only a small percentage of furnace acid 
produced is sold on the open market to other companies. Almost all is used 
internally by the producer for the manufacture of other derivatives. Furthermore, 
only about 25% of production is shipped from the point of production to another 
plant. It is only this portion that is reported by the Department of Commerce in a 
way in which its value f.o.b. plant can be calculated. However, we have extracted 
these figures for the years of 1968 to 1971, summarized below: 

Furnace Acid Values 
($/ton P 2 O s , f.o.b. plant) 

Value per Ton P 2 0 5 


1968 

142.00 

1969 

165.00 

1970 

156.00 

1971 

168.00 


It is interesting to note that all of these prices are substantially below the 
direct manufacturing cost of furnace acid, calculated from a typical recent 
transfer value of phosphorus of $380.00. This underlines again, the somewhat 
arbitrary and unreliable nature of the reported intracompany transfer figures as a 
reflection of true price and realistic profitability. 

For two reasons, it is unlikely that the effects cf water pollution control 
costs will be major or significant in terms of furnace phosphoric*acid. In the first 
place, over 90% of the cost of furnace acid, as mentioned above, consists of the 
cost of phosphorus and the effect of major changes of water pollution control 
costs associated directly with the manufacture of acid would not be particularly 
significant. Furthermore, since most of furnace phosphoric acid involves 
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TABLE 10 


ESTIMATED COST OF MANUFACTURING PHOSPHORIC ACID 
FROM ELEMENTAL PHOSPHORUS 

Basis: 54%P 2 0 5 Phosphoric .’'id equivalent to 

45,000 tons/year of P 2 0 5 

Plant located in Midwestern U.S.A. 

Phosphorus cost (f.o.b. furnace plant) at 
$380.00 per ton P 4 ; freight, $5.00 per ton P 4 

Capital Investment: $1 million (includes storage for 3,000 tons P 2 0 5 ; 


Manufacturing Cost 

Cost Item 

no P 4 storage) 

Units Units/Ton P 1 O 5 

Cost/Unit 

Cost( 8 )/Ton Pj0 5 

Raw Materials and Freight: 





Phosphorus 

Tons P 4 

0.44 

380.00 

167.20 

Freight 

Tons P 4 

0.44 

5.00 

2.20 

Utilities 





Electricity 

Kwh 

60 

0.0068 

0.41 

Water 

Mgal 

23 

0.05 

1.15 


Cost($)/Year Cost($)7Ton P 2 O s 


Salaries, Wages, and Overhead 

180,000 

4.00 

Operating Supplies 

5,000 

0.10 

Maintenance (4% of investment) 

40,000 

0.89 

Taxes and Insurance (2% of investment) 

20,000 

0.45 

Depreciation (6.67% per year) 

67,000 

1.48 



177.88 


1218 
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intra-comp;iny transfers of both raw material and finished product, its pricing is 
somewhat academic. 

As in the case of phosphorus with only a small portion of total production 
moving in open market sales, it is likely that there would be relatively wide 
fluctuation in the price of this small open market segment reflecting changing 
supply/demand conditions. As has happened in the past, when there have been 
substantial surpluses of furnace phosphoric acid, these have moved at relatively 
low prices primarily into the liquid fertilizer market, to maintain capacity opera¬ 
tion at phosphorus furnaces, where costs are quite sensitive to the operating rate. 
In the same vein, during periods of short supply, quantities available on the open 
market would be limited and would undoubtedly rise sharply in price. Thus, price 
fluctuations in open market phosphoric acid are much more likely to depend on 
the factors related to the supply/demand situation, than on water pollution 
control costs associated with the acid manufacture. 
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IV. DERIVATIVES OF ELEMENTAL PHOSPHORUS 


A. SEGMENT DESCRIPTION 

Four of the products comprising this segment are produced from elemental 
phosphorus (POCIj, P 2 S 5 , P 2 O s , and PCI 3 ). The fifth, ferrophosphorus, is a 
by-product of the phosphorus furnace. In fact, ferrophosphorus is not impacted 
by water pollution abatement considerations and may be appropriately excluded 
from this segment.' The first four derivatives, however, do merit common 
consideration as a segment because all four are produced under anhydrous 
conditions and arc similarly impacted to the extent that any water pollution 
aspect exists. Further community of consideration is warranted because several of 
the four elemental phosphorus derivatives are frequently produced at a common 
site for both merchant sale or further processing as chemical intermediates. 

B. COMPANIES AND PLANTS 

The primary producers of the elemental phosphorus derivatives are major 
components of the U.S. chemical industry, namely FMC Corporation, Hooker 
Chemical Corporation (subsidiary of Occidental Petroleum Corporation), Mobil 
Chemical Company (subsidiary of Mobil Oil Company), Monsanto Company, and 
Stauffer Chemical Company. All of these are integrated back to production of 
elemental phosphorus. In general these producers are also integrated forward, 
with the derivatives as intermediates, for synthesis of such end products as 
pesticides, plasticizers, lube oil additives, flotation agents, and surfactants. 

There are also several small specialty chemical producers of the products, 
primarily for electronic markets, but these represent such a minor part of the 
segment that their separate consideration i‘ unwarranted. 

Two of the five integrated producers of elemental phosphorus derivatives 
have a single producing location. The others have multiplant locations for the 
derivatives but may produce only one of the derivatives at a given location. Of the 
four derivatives considered (POCl 3 , P 2 S s , P 2 O s , and PCI 3 ), both Hooker Chemi¬ 
cal Company and Stauffer Chemical produce all four. The other major producers 
manufacture one to three of them. 

The primary plant sites are Nitro, West Virginia; Niagara Falls, New York; 
Sauget, Illinois; Anniston, Alabama; Charleston, South Carolina; Morrisville, 
Pennsylvania; Mt. Pleasant, Tennessee; Nashville, Tennessee; and Cold Creek, 
Alabama. 

1. Ferrophosphorus is drawn off before the slag and it is important that it not come into 
contact with water with which it may react explosively at this point in the furnace 
production cycle. 

12:0 
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Derivatives Manufactured 


Producing Company 

POCI 


P 2 O s 

PCI, 

FMC 

X 



X 

Hooker 

X 

X 

X 

X 

Mobil 




X 

Monsanto 

X 

X 


X 

Stauffer 

X 

X 

X 

X 


Because most of the plant sites are large multiproduct, integrated operations 
producing fifty or a hundred individual chemical products, the derivatives of 
elemental phosphorus within the sector constitute only a small fraction of the 
plant site output, plant site employment, or plant site water pollution impact. 
Furthermore, this segment represents only about 5% of the total tonnage of the 
nonfertilizer phosphate industry which is analyzed in this report. 

C. FINANCIAL PROFILE 

Because industry manufacturing costs were not made available to us on the 
derivatives of elemental phosphorus, these were calculated based primarily on our 
internal engineering estimates. As such, they are presented in the following 
Tables 11 through 14 for POCl 3 , P 2 S 5 , P 2 0 5 , and PC1 3 . It is important to note 
that for production of P 2 S s , P 2 0 5 , and PC1 3 , the phosphorus is introduced into 
the reaction at a market price of $380 per ton delivered. In the case of POCl 3 , the 
two phosphorus derived raw materials are also introduced at the published market 
prices, i.e., $400 per ton P 2 O s and $220 per ton for PC1 3 . It is assumed that both 
these raw materials for POCl 3 are produced at the same plant as the POCl 3 and no 
freight costs are involved. 

Using current published selling prices for the four derivatives of elemental 
phosphorus considered herein, the following estimated plant cash flows may be 
developed in cents per pound at the plant site. 


POCl 3 P 2 S s P 2 O s PCI 3 


Selling Price 

12.25* 

14.20** 

20.00** 

11.00* 

Plant Cost 

12.70 

10.30 

9.90 

9.20 

Plant Margin 

(0.45) 

3.90 

10.10 

1.80 

Depreciation 

4.10 

3.41 

4.55 

2.53 

Plant Cash Flow 

3.65 

7.31 

14.65 

4.33 


•in bulk 

••in carloads of drums. 
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TABLE 11 


ESTIMATED COST OF MANUFACTURING PHOSPHORUS OXYCHLORIDE 

Plant Location Eastern United States 
Annual Production 10,000 tons 
Fixed Investment $900,000' 


Variable Costs 

Quantity 

$/Unit 

$/Ton 

Phosphorus Pentoxide 

0.189 T 

400 

75.60 

Phosphorus Trichloride 

0.548 T 

220 

120.56 

Chlorine 

0.283 T 

70 

19.81 

Power 

25 kwh 

0.01 

0.25 

Cooling Water 

11.1 M gal 

0.03 

0.33 

Steam 

0.73 M lbs 

1.40 

1.02 

Operating Supplies 



0.50 




218.07 

Semi-Variable Costs 




Operating Labor 

2 men/shift 

4.50/hr 

7.88 

Supervision 

1/2 of 4 foremen 

13,000/yr 

2.60 

1/2 of 1 super. 

17,000/yr 

0.88 

Maintenance 

7’/a% of Investment/yr 


3.75 

Labor Overhead 

30% of Op. Labor and Supervision 


3.41 




18.52 

Fixed Costs 




Plant Overhead 

70% of Op. Labor and Supervision 


7.95 

Depreciation 

9.1% of Investment/yr 


8.19 

Local Taxes and Insurance 

1%% of Investment/yr 


1.35 


17.49 


Total Cost of Manufacture, Bulk Liquid 


1. Assumes part of complex receiving cooling water, steam, services, etc. from central facility. 


4 ) 
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TABLE 12 


ESTIMATED COST OF MANUFACTURING PHOSPHORUS PENTASULFIDE 

Plant Location East Coast 
Annual Production 10,000 tons 
Fixed Investment $750,000' 


Variable Costs 

Quantity 

$/Unit 

S/Ton 

Phosphorus 

0.287 T 

380 

109.06 

Sulfur 

0.736 T 

35 

25.76 

Power 

7.8 kwh 

0.01 

0.08 

Water 

1.95 M gal 

0.03 

0.06 

Steam 

0.08 M lbs 

1.40 

0.11 

Operating Supplies 



0.50 

Drums, 450 lb ea. 

4.45 

5.73 

25.46 




161.03 


Semi-Variable Costs 


Operating Labor 

3 men/shift 

4.50/hr 

11.83 


2 men days 

4.50/hr 

1.87 

Supervision 

1/2 of 4 foremen 

13,000/yr 

2.60 


1/2 of 1 super. 

17.500/yr 

0.87 

Maintenance 

8 % of Investment/yr 


3.20 

Labor Overhead 

30% of Op. Labor and Supervision 


5.15 




25.52 



1. Assumes plant part of complex with steam, water and other services supplied from central 
facilities. 
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TABLE 13 


* 

ESTIMATED COST OF MANUFACTURING PHOSPHORUS PENTOXIDE 


Plant Location Eastern United States 
Annual Production 5,000 tons 
Fixed Investment $500,000 


Variable Costs 

Quantity 

$/Unit 

$/Ton 

Phosphorus 

0.237 T 

380 

90.06 

Steel Cans 

6.15 

5.40 

33.21 

Power 

85 kwh 

0.01 

0.85 

Water 

0.6 M gal 

0.03 

0.02 

Steam 

nil 

1.40 

- 

Operating Supplies 



0.50 




124.64 


Semi-Variable Costs 


Operating Labor 

2 men/shift 

4.50/hr 

15.77 


5 men, 200 days 

3.00/hr 

4.80 

Supervision 

1/2 of 4 foremen 

13,000/yr 

5.20 


1/2 of 1 super. 

17,500/yr 

1.75 

Maintenance 

7% of Investment/yr 


7.00 

Labor Overhead 

30% of Op. Labor and Supervision 


8.26 




42.78 

Fixed Costs 




Plant Overhead 

70% of Op. Labor and Supervision 


19.26 

Depreciation 

9.1% of Investment/yr 


9.10 

Local Taxes and Insurance 

1.5% of Investment/yr 


1.50 


29.P6 


Total Cost of Manufacture, Drums 197.28 
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TABLE 14 

ESTIMATED COST OF MANUFACTURING PHOSPHORUS TRICHLORIDE 


Plant Location Eastern United States 
Annual Production 9,000 ions 
Fixed Investment $500,000 1 


Variable Costs 

Quantity 

$/Unit 

$/Ton 

Phosphorus 

0.237 T 

380 

90.06 

Chlorine 

0.815 T 

70 

57.05 

Power 

24.5 kwh 

0.01 

0.25 

Cooling Water 

22.6 M gal 

0.03 

0.68 

Steam 

0.76 M lbs 

1.40 

1.06 

Operating Supplies 



0.30 




149.40 


Semi-Variable Costs 


Operating Labor 

2 men/shift 

4.50/hr 

8.26 

Supervision 

1/2 of 4 foremen 

13,000/yr 

2.89 


1/2 of 1 super. 

17,500/yr 

0.97 

Maintenance 

7%% of Investment/yr 


4.17 

Labor Overhead 

30% of Op. Labor and Supervision 


3.64 




19.93 

Fixed Costs 




Plant Overhead 

70% of Op. Labor and Supervision 

8.48 

8.48 

Depreciation 

9.1% of Investment/yr 


5.06 

Local Taxes and Insurance 

1%% of Investment/yr 


0.83 


Total Cost of Manufacture, Bulk 183.70 


1. Assumes plant part of complex receiving cooling water, steam, services, etc., from central 
facility. 
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Actual salvage values of the assets of these plants were not determined. It 
may he expected that specific items such as pumps, piping, centrifugal equipment, 
etc., will have some salvage value. In general, however, we expect that such salvage 
value will be less than 25% of capital cost, and frequently much less than 25%. 

D. PRICE EFFECTS 

The published prices of P 2 S 5 and PCI 3 have remained stable for the past five 
years. Those of POCl 3 and P 2 0 5 have risen in the past 2-3 years. The published 
price of POCI 3 increased about 15% in 1972; that of P 2 O s about 25%over the 
longer period of 1971-1973. 

While LCL transactions tend to be at published prices, it can be expected 
that larger volumes are sold at negotiated contract prices covering extended 
periods of time. Because much of the industry has an internal requirement for 
part of its capacity to produce the elemental phosphorus derivatives, merchant 
contract sales may be more advantageous to one seller than another at any given 
time depending upon that seller’s internal requirements. So in general the prices 
of significant volumes are negotiated prices while lesser volumes are published 
price transactions. 

Published price increases are usually initiated by a major producer and either 
followed or not by the other producers. If price changes are not followed, the 
initiator rescinds the price. Because the elemental phosphorus derivatives are 
produced in large integrated chemical plants where the impact of water pollution 
control is not readily isolated on a product-by-product basis, the cost of pollution 
control will result in price increases for selected products only where the general 
competitive situation permits such increases. Over extended periods increased 
manufacturing costs of any type generally exert an upward pressure on chemical 
prices, but changes take place only at those points in time when the competitive 
aspects permit. In the case of the derivatives of elemental phosphorus, specific 
price increases directly attributable to pollution control are not expected. 
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V. DERIVATIVES OF PHOSPHORIC ACID 


A. SEGMENT DESCRIPTION 

The segment is restricted to (I) the largest volume sodium salt of phosphoric 
acid, sodium tripolyphosphate, and (2) those calcium phosphates used industrially 
or in the manufacture ot animal leeds. 1 The phosphoric acid from which these 
derivatives are made can be ol either furnace or wet process origin. 


Sodium tripolyphosphate (STPP) is generally produced from furnace grade 
phosphoric acid because of the improved color of its salts. However, there is one 
jmaj or producer, Olin Corporation, which u ses wet process add tcToroducc STPP, 

For the production of feed-grade dicalcium phosphates, the general practice 
is to use wet process phosphoric acid and limestone as the primary reactants. 
Dentifrice and food-grade calcium phosphates generally use furnace acid. 


The traditional market lor STPP has been as a detergent builder. Historically, 
the detergent manufacturers have been responsible for 90% of the STPP con¬ 
sumed in the United States, most of it in household laundry formulations. This 
market is now threatened by various state and local legislative measures designed 
to restrict the phosphate content of detergent formulations. 

In the case of the calcium phosphates considered within the definition of 
this segment more than 90% of the consumption is for animal feeds. In addition 
there are specialty grades suitable tor use in dentifrices and as leavening agents in 
baking. 

B. PRODUCING COMPANIES AND PLANTS 
1. Sodium Tripolyphosphate (STPP) 

Table 15 indicates the manufacturers, their plant locations, and estimated 
plant capacities for STPP production. 

With the exception of the Olin plant at Joliet, Illinois, each of these 
locations is also a location for furnace acid production. Thus the plants may be 
considered as integrated operations. The plant locations are determined to a major 
degree by the amount of freight equalization required to be paid on shipments to 
major detergent producing plants. Thus the freight on STPP tends to associate 


1. Specifically excluded are fertilizer grades of calcium phosphate and defluorinated phosphate 
rock. 
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specific STPP producing locations with specific detergent plants. In fact proxim¬ 
ity to the market is the most important factor in determining the location for a 
furnace acid and STPP complex. 

TABLE 15 


U.S. PRODUCERS OF STPP 


Company 

Plant Location 

Capacity 1 



(thousands ST/yr) 

FMC 

Carteret, New Jersey 

100 

FMC 

Green River, Wyoming 

75 

FMC 

Newark, California 

50 

FMC 

Lawrence, Kansas 

75 

Mobil 

Fernald, Ohio 

50 

Monsanto 

Augusta, Georgia 

50 

Monsanto 

Kearny, New Jersey 

125 

Monsanto 

Long Beach, California 

75 

Monsanto 

Trenton, Michigan 

75 

Monsanto 

Carondelet, Missouri 

100 

Occidental 

Dallas, Texas 

35 

Occidental 

Jeffersonville, Indiana 

100 

01 in 

Joliet, Illinois 

150 

Stauffer 

Chicago, Illinois 

40 

Stauffer 

Morrisville, Pennsylvania 

75 



1175 


1. Subject to significant variation, depending on grades produced. 

There is a significant water pollution aspect to the production of STPP 
because of the wet scrubbing of the dust at various points in the process. To the 
extent that such water is returned to the system, water pollution is minimized. To 
the extent which it is not, lime precipitation and clarifiers are required. 

2. Calcium Phosphates 

Among the nonfertilizer types, dicalcium phosphate, primarily used for 
animal feed, predominates. Table 16 identifies major producing locations, most of 
which are located in proximity to either a wet phosphoric acid producing location 
or the primary feed markets. Capacities are nc i ,eadily identified because part of 
the plant capacity in some cases can be utili A for fertilizer grades of calcium 
phosphate. 

The water pollution aspects of feed grade dicalcium phosphate are similar to 
those of STPP for which wet scrubbing operations are required. Where wet 
process acid has not been dclluorinated there is the additional problem of 
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fluorsilicatc disposal. With purified grades lor dentifrice and human consump¬ 
tion, the impact is amplified by larger water requirements for manufacture and in 
the case of anhydrous product, the dewatering process. 


TABLE 16 

U.S. PRODUCERS OF CALCIUM PHOSPHATES 


Company 

Plant Location 

Cyanamid 

Weeping Water, Nebraska 

Cyanamid 

Alden, Iowa 

Cyanamid 

Hannibal, Missouri 

Borden 

Plant City, Florida 

Central States* 

Weeping Water, Nebraska 

Eastman Kodak 

Peabody, Massachusetts 

Farmland 

Hannibal, Missouri 

IMC 

Bonnie, Florida 

Monsanto 

Carondelet, Missouri 

Occidental 

Davenport, Iowa 

Occidental 

White Springs, Florida 

Stauffer 

Chicago Heights, Illinois 

Stauffer 

Nashville, Tennessee 


'destroyed by fire but currently being rebuilt. 


C. FINANCIAL PROFILE 

Because industry manufacturing costs were not made available to us lor 
either STPP or feed grade dicalcium phosphate, these have been calculated on the 
basis of our internal knowledge of the production costs involved. 

1. Sodium Tiipoiyphosphate (STPP) 

Table 17 establishes a manufacturing cost of $224 per ton for an STPP plant 
operating at a production rate of 50,000 tons per year utilizing furnace acid 
produced at the same site. The acid transfer price as indicated is $149 per ton. On 
this cost basis and using a published selling price of $ 162 per ton and $3 of freight 
equalization, the estimated plant cash flow is as follows: 

Selling Price 159 $/ton 

Plant Cost 224 $/ton 

Plant Margin (65) $/ton 

Depreciation 4 S/ton 

Plant Cash Flow (61)$/ ton 






TABLE 17 


ESTIMATED COST OF MANUFACTURING SODIUM TRIPOLYPHOSPHATE 

Plant Location Midwest 

Plant Capacity 150T/SD 

Annual Production 50,000 T 
Fixed Investment $2,440,000 


Variable Costs 


Quantity/Ton 


Phosphoric acid, 75% 
Soda Ash 

Operating Supplies 

Power 

Fuel 


1.087 T 
0.735 T 

38.9 kwh 

13.9 MM Btu 


$/Unit $/Ton 

149.00' 161.96 

44.50 1 32.71 

0.50 

0.01 0.39 

0.80 11.12 

206.68 


Semi-Variable Costs 


Operating Labor 
Supervision 

Maintenance 
Labor Overhead 


4 men/shift 
4 foremen 
1 super. 

5% of Investment/yr 

30% of Op. Labor and Supervision 


4 , '0/hr 3.15 

13,000/yr 1.04 

17,500/yr 0.35 

2.44 
1,36 

8.34 


Fixed Costs 

Plant Overhead 70% of Op. Labor and Supervision 

Depreciation 9.1% of Investment/yr 

Local Taxes and Insurance 1.5% of Investment/yr 


3.18 
4 44 
0.73 


8.35 


Total Cost of Manufacture 


223.37 


1. FOB plant value, assumes STPP plant at same site as acid plant. 

2. $35.50 FOB plant plus $9.00 freight. 
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However, if the phosphoric ;icid made in the same plant is transferred at 
cost, or $96 per ton, a plant cash How close to breakeven results. 


Selling Price 
Plant Cost 
Plant Margin 
Depreciation 
Plant Cash Flow 


159 $/ton 
165 $/ton 
^6) S/ton 
4 S/ton 
(2) S/ton 


If a reasonable GS&A charge of S3.50 per ton is applied, there is a net loss 
before taxes of $10 per ton. Furthermore, the bulk of the sales to the large 
household detergent producers are generally made below list. For these a net back 
after freight equalization of $153 is more realistic than $159. Under such 
conditions the net loss before taxes becomes $7-8 per ton. 


Actual salvage values of the STPP were not determined. In general, however, 
we expect that such salvage value will be less than 25% of capital cost, and 
frequently much less than 25%. 

2. Calcium Phosphates 

Table 18 develops the manufacturing cost of a plant manufacturing 65.000 
tons per year of feed grade (18.5% P) dicalcium phosphate. Currently this product 
is in short supply and from Midwest manufacturing locations is priced at 587.25 
per ton in bulk, freight equalized with competitive locations. In order to calculate 
a typical plant cash flow and profit before tax we have taken $4.25 as typical 
freight equalization with a net back to the plant of 583 per ton. The plant cash 
flow then becomes: 


Selling Price 
Plant Cost 
Plant Margin 
Depreciation 
Plant Cash Flow 


$83 per ton 
70 per ton 
13 per ton 
2 per ton 
15 per ton 


If the GS&A allowance is $3 per ton, the profit before tax is $ 10 per ton. 

Table 19 similarly develops the manufacturing cost for dicalcium phosphate 
dihydrate which is one of the refined grades. This and other refined grades serve 
the dentifrice and human food markets. The plant cash flow tor dicalcium 
phosphate dihydrate is characteristically higher than for feed grade dicalcium 
phosphate. 
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TABLE 18 


ESTIMATED COST OF MANUFACTURING DICALCIUM PHOSPHATE 
(Feed Grade 18.5% P) 


Plant Location Midwest 
Annual Production 65,000 T 
Fixed Investment $1,200,000 


Variable Costs 

Quantity 

$/Unit 

$/Ton 

Defluorinated Phosphoric 

Acid, P 2 O s basis 

0.458 T 

125.00' 

54 59 

Ground Limestone 

.728 T 

9.00 J 

6.55 

Power 

18.2 kwh 

0.01 

0.18 

Water 

0.06 Mgal 

0.05 

— 

Fuel 

Operating Supplies 

0.1 MM Btu 

0.80 

0.08 

0.10 


61.50 


Semi-Variable Costs 


Operating Labor 

2 men/shift 

4.50/hr 

1.21 


2 men days 

4.50/hr 

0.29 

Supervision 

4 foremen 

13,000/yr 

0.80 


1 superintendent 

17,500/yr 

0.26 

Maintenance 

5% of Investment/yr 


0.92 

Labor Overhead 

30% of Op. Labor and Supervision 


0.77 


4.25 


Fixed Costs 


Plant Overhead 70% of Op. Labor and Supervision 

Depreciation 9.1% of Investment/yr 

Local Taxes and Insurance 1.5% of Investment/yr 


Total Cost of Manufacture, Bulk 


1.79 

1.68 

0.28 

3.75 


69.50 


O 


1. $110/TPjOs plus $15 freight 

2. $4/ton plus $5 freight. 


1 
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TABLE 19 


ESTIMATED COST OF MANUFACTURING DICALCIUM PHOSPHATE DIHYDRATE 


Plant Location Midwest 
Annual Production 20,000 tons 
Fixed Investment $730,000 


Variable Costs 

Quantity 

$/Unit 

$/Ton 

Hydrated Lime 

0.453 T 

28.00' 

12.68 

Phosphoric Acid 75% 

0.774 T 

159.00 2 

123.07 

Cooling Water 

2.3 Mgal 

0.03 

0.07 

Power 

37 kwh 

0.01 

0.37 

Water, Process 

1.25 Mgal 

0.03 

0.04 

Fuel 

1.1 MM Btu 

0.80 

0.88 

Oprerating Supplies 



0.50 

Bags 

20.1 

0.20 

4.02 




141.63 

Semi-Variable Costs 




Operating Labor 

3 men/shift 

4.50/hr 

5.91 


5 men, 250 days 

4.00/hr 

2.00 

Supervision 

4 foremen 

13,000/yr 

2.60 


1 superintendent 

17,500/yr 

0.88 

Maintenance 

5% of Investment/yr 


1.83 

Labor Overhead 

30% of Op. Labor and Supervision 


3.42 




16.64 

Fixed Costs 




Plant Overhead 

70% of Op. Labor and Supervision 


7.97 

Depreciation 

9.1% of Investment/yr 


3.32 

Local Taxes and Insurance 

1.5% of Investment/yr 


0.55 


11.84 


Total Cost of Manufacture, Bagged 170.11 


1 . $22 fob plus $6.00 freight 

2. $149 fob plus $10.00 freight 


* /-* 
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Selling Price 
Plant Cost 
Plant Margin 
Depreciation 
Plant Cash Flow 


$230 per ton 
170 per ton 
60 per ton 
3 per ton 
63 per ton 


With GS&A costs of $30 per ton the profit before tax is $33 per ton. 


D. PRICE EFFECTS 

The published prices of STPP as sold in bulk and shipped in hopper cars, 
freight equalized with competitive locations, have increased from $135 per ton in 
1967 to $152 per ton in 1972 to a current level of SI62. Over this same period 
the major detergent producers have generally paid $140-5155. With freight 
equalization and a generally low level of profitability, most producing plants rely 
on one or two major volume detergent plants for a majority of their STPP sales 
and these one or two plants are those for which freight equalization is minimal. 

Prices for STPP have been traditionally established by highly competitive 
bidding for the large annual requirements of such major detergent plants. This 
bidding process has resulted in low margins and a reluctance on the part of the 
producers to expand capacity. Currently STPP is in short supply, but because ol 
price controls cannot rise to levels where return on investment is adequate to 
stimulate expanded production. 

If pollution considerations significantly reduce the use of STPP in deter¬ 
gents, the current tight supply situation would be alleviated, and excess capacity 
might appear. This would produce a downward pressure on prices. 

The pricing of calcium phosphates for feed use is complex with major 
differentials based on geographic location and freight equalization. Thus for the 
producing point of Bonnie, Florida, which is distant trom the major Midwest 
markets, the price of feed grade dicalcium phosphate is $74.00 per ton freight 
equalized. Similar' , at Weeping Water, Nebraska, for a plant much closer to the 
major markets the price is $87.25 per ton freight equalized. This combination of 
price differentials and freight equalization permits a high degree of market 
selectivity. 

The purified dentifrice and human food grades of calcium phosphates, which 
are more costly to produce, command premiums ranging from $140 to $170 per 
ton over feed grades. 

The prices of the calcium phosphates, when not in short supply, arc deter¬ 
mined by competitive processes in the marketplace. Currently, however, they are 
in short supply and would rise if there were no controls. 
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Because of the low margins of profit currently generated by STPI\ it can be 
expected that producers will attempt to pass on any cost increases that result 
from water pollution control measures. This is also probable with Iced grade 
dicalcium phosphate, but the results will be somewhat dependent upon the 
supply-demand situation at the time of increased ^osts. 
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SECTION III 


ECONOMIC IMPACT ANALYSIS 
I. INTRODUCTION 

This section assesses the economic impact of water pollution control costs 
on the production of the following nonfertilizer phosphate products: 

Phosphorus 

Phosphoric Acid produced from phosphorus 

Phosphorus Pentoxide 

Phosphorus Trichloride 

Phosphorus Oxychloride 

Phosphorus Pentasulfide 

Sodium Tripolyphosphate 

Calcium Phosphates (except defluorinated phosphate 
and fertilizer phosphate). 

As requested by EPA, this impact analysis is confined to those water 
pollution control costs submitted to EPA in Supplement A of a report entitled 
“Cost Information for the Water-borne Wastes in the Nonfertilizer Phosphorus 
Chemicals Industry” prepared by General Technologies Corporation, referred to as 
the effluent guideline development document. In this report, it was concluded 
that zero discharge is a reasonable and achievable goal, and it was recommended 
that this guideline be established for all of the products covered in this report. 

At the same time, the effluent guideline development document acknowl¬ 
edges that there may be substantial variation from the costs presented in their 
report, to achieve zero discharge for individual plants in the industry. That such 
variations are likely was confirmed in our discussions with some of the major 
producers of several of the products in this category. If such variations from the 
costs presented in the effluent guideline development document are significant for 
individual plants, then the impact of water pollution control costs to achieve 
discharge may be significantly different than those presented in this analysis. 

Because we were unable to quantify the variations for individual plants, we 
did confine ourselves, as requested by EPA, to assessing the impact of the costs 
presented in the effluent guideline development document. It was not within the 
scope of our assignment to evaluate or confirm the validity of the technical and 
economic information presented in this document. 
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II. IMPACT ANALYSIS 


A. WATER POLLUTION CONTROL COSTS 

The effluent guideline development document states that zero water dis¬ 
charge is either being currently achieved, or could be achieved with little dilli- 
culty, in exemplary plants now operating in each product category, and therefore 
have recommended that this be established as the pollution guideline. The 
technology proposed by the effluent guideline development document lor each 
product segment, and the estimated costs, are presented below. 

1. Phosphorus 

Three companies are producing phosphorus in separate locations in Flc-ida 
with a total of four furnaces, three companies are operating in Tennessee with a 
total of ten furnaces, and three companies are operating in Idaho and Montana 
with a total of nine furnaces. In addition the TV A operates three furnaces in 
Alabama. 

There is at least one existing plant that is reported in the effluent guideline 
development document to achieve zero discharge by using complete recycle ol 
phossy water, evaporation of some process water, lime treatment and sedimenta¬ 
tion of remaining process water prior to discharge. Other plants were estimated to 
be able to achieve 100% recycle of process waste water back to the head end of 
the plant by installing pumps, piping, and appropriate controls. 

The cost of achieving zero discharge through installation of the equipment 
described above is estimated in the effluent guideline development document to 
be $4.60 per ton of phosphorus. 

2. Furnace Phosphoric Acid 

There are an estimated 21 plants producing furnace phosphoric acid from 
phosphorus, operated by six companies, and the TV A. Many of these have 
associated with them units for the production of various sodium and potassium 
phosphates. A number of these arc in urban areas; their location, particularly 
when associated with the production of sodium tripolyphosphate, has been 
dictated by proximity to major detergent factories. 

The measures necessary to achieve zero discharge at furnace acid plants, 
according to the effluent guideline development document, are generally asso¬ 
ciated with improved housekeeping and maintenance. Costs included construction 
of dikes and dams around pipes, valves, tanks, etc., the provision of sumps and 
sump pumps, and treatment with lime. The resultant sludge is used lor landfill. 


* 
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In the effluent guideline development document, it is estimated that the cost 
of achieving zero discharge in furnace acid plants is $0.65 per ton ol 75" 
phosphoric acid. 

3. Anhydrous Derivatives of Elemental Phosphorus 

The lour derivatives comprising this segment are phosphorus oxychloride, 
phosphorus pentasullide. phosphorus pentoxide, and phosphorus trichloride. All 
four are produced under anhydrous conditions and the water pollution aspects are 
limited to disposal of water used for wet scrubbing of air emissions. However, the 
disposal of such water is critical because there is no remedy available through 
return of this water to the reaction process because of the anhydrous conditions 
of manufacture. 

The primary plant sites are Nitro, West Virginia; Niagara Falls, New York; 
Sauget, Illinois; Anniston, Alabama; Charleston, South Carolina; Morrisville, 
Pennsylvania; Mt. Pleasant, Tennessee; Nashville, Tennessee; and Cold Creek, 
Alabama. In general these are large multiproduct, integrated operations producing 
dozens of individual chemical products of which the volume represented by the 
derivatives of elemental phosphorus may be only a portion of the chemical output 
of the site. 


In general the process water used for wet scrubbing of air emissions is 
commingled with plant effluent water and not treated separately to remove 
dissolved or particulate impurities. In some cases water from the wet scrubbing 
may be used as process water in other processes where such opportunities are 
available but this is not a practical general solution. 


In the case of the four derivatives of elemental phosphorus, the effluent 
guideline development document recommends the attainment of zero discharge 
via (1) concentration of impurities through reuse of wet scrubbing effluent by 
return to the wet scrubbing process; (2) lime treatment of concentrated etfluent; 
(3) settling tanks; and (4) land till of sludge. 


The costs presented in the effluent guideline development document for 
total treatment of effluent to achieve zero discharge are as follows, on the basis of 
$/per ton of product manufactured. 


Product 

Phosphorus oxychloride 
Phosphorus pentasullide 
Phosphorus pentoxide 
Phosphorus trichloride 


Zero Discharge Cost 

$ 1.25/ton 
1.70/ton 
1.40/ton 
1.40/ton 
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4. Derivatives of Phosphoric Acid 


This segment is restricted to sodium tripolyphosphate (STPP) and those 
calcium phosphates used industrially or in the manufacture of animal feeds. The 
latter category of calcium phosphates, i.e., those used for the manufacture of 
animal feeds, accounts for more than 90% of the calcium phosphates included in 
the segment. Excluded from the segment is fertilizer consumption of calcium 
phosphate. 

The primary plant sites are indicated in Table 20. The STPP locations and 
several of the calcium phosphate locations are large multiproduct integrated 
operations producing a number of individual chemical products. This is less 
typical of the feed grade calcium phosphate plants which are sited for either 
proximity to wet process acid or the animal feed compounders representing the 
market. 


TABLE 20 

PLANT LOCATION SITES - PHOSPHORIC ACID DERIVATIVES 


STPP 

Carteret, New Jersey 
Green River, Wyoming 
Newark, California 
Lawrence, Kansas 
Fernald, Ohio 
Augusta, Georgia 
Kearny, New Jersey 
Long Beach, California 
Trenton, Michigan 
Carondelet, Missouri 
Dallas, Texas 
Jeffersonville, Indiana 
Joliet, Illinois 
Chicago, Illinois 
Morrisville, Pennsylvania 


Calcium Phosphates 

Weeping Water,* Nebraska 
Alden, Iowa 
Hannibal,* Missouri 
Plant City, Florida 
Peabody, Massachusetts 
Bonnie, Florida 
Carondelet, Missouri 
Davenport, Iowa 
White Springs, Florida 
Chicago Heights, Illinois 
Nashville, Tennessee 


‘Location of more than one plant. 


To a considerable degree the water used for wet scrubbing of dust at various 
points in the process is returned to process. Where such return to process is not 
readily accommodated, lime precipitation and clarification are required. The 
purified grades of calcium phosphates in particular require large volumes of 
process water. Special problems relate to the disposal of water removed from 
anhydrous calcium phosphate and the disposal of lluosilicatcs from those calcium 
phosphate plants using wet process acid which has not been dclluorinatcd. 
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In the case of the derivatives of phosphoric acid only the calcium phosphates 
have costs associated with the achievement of zero discharge as reported in the 
effluent guideline development document. This asserts that dry dust collection 
filters constitute an investment which obviates water pollution in the case ol 
STPP and the investment per se is compensated for by savings in product 
recovery. 

In the case of dicalcium phosphate manufacture, the costs associated with 
zero discharge are generally related to (1) lime treatment, (2) settling or filtration, 
(3) recycle of clarified water to the process, and (4) land fill of sludge or 
filter cake. 

The costs presented in the effluent guideline development document for 
total treatment of effluent to achieve zero discharge are as follows on the basis of 
dollars per ton of product manufactured. 


Product 

STPP 

Dicalcium phosphate - Feed Grade 
Dicalcium Phosphate - Food Grade 


Zero Discharge Cost 
(S/ton) 

1.40 

1.50 


B. IMPACT ON PRICES 


We have summarized in Table 21 the increases in prices that would result 
from the costs of achieving zero discharge that are presented in the effluent 
guideline development document. It should be noted that we have included not 
only the costs of water pollution control for individual products, but also the 
increases in the costs of the raw materials covered in this segment which are used 
for the production of derivatives, arising from the same water pollution control 
considerations. For example, the overall increase in prices for Food Grade calcium 
phosphate would result not only from the cost of water pollution control in the 
dicalcium phosphate plant, but also the increase in the cost of furnace grade 
phosphoric acid arising from water pollution control considerations in that plant, 
and also the increase in cost of phosphorus used to make the furnace acid, arising 
from water pollution control considerations in the phosphorus plant. 

The price increases that would result from passing on the cost of achieving 
zero discharge, as presented in the eftluent guideline development document, are 
of such small magnitude that we do not believe there will be any significant 
impact on profitability arising from these increases. The maximum increase as a 
percent of current selling price was 1.6% for Feed Grade Dicalcium Phosphate. All 
other increases were 1.2% of sales price or less. Incidentally, we have used in these 
calculations the current list prices for the various products, realizing that in some 






instances actual sales are being made at somewhat different prices. However, lor 
the purposes of relating the magnitude of the cost increases arising from achieving 
zero discharge, the use of the list prices is not significantly in error. 


TABLE 21 

PRICE INCREASES RELATED TO GTC PROPOSED COSTS 
OF ACHIEVING ZERO DISCHARGE 


Product 

Pollution 

Control 

Cost 

Raw Material 2 
Cost Increase 

Total Cost 

Increase 

Current 1 

Price 

Percentage 

Increase 


($/ton) 

($/ton) 

($/ton) 

(S/ton) 


Phosphorus 

4.60 

— 

4.60 

380 

1.2 

Furnace Acid 

0.65 

1.10 

1.75 

168 

1.0 

Phosphorus Pentoxide 

1.40 

1.09 

2.49 

400 

0.6 

Phosphorus Trichloride 

1.40 

1.09 

2.49 

220 

1.1 

Phosphorus Oxychloride 

1.25 

1.83 

3.08 

245 

1.2 

Phosphorus Pentasulfide 

1.70 

1.32 

3.02 

267 

1.1 

STPP 

— 

1.90 

1.90 

162 

1.2 

Feed-grade Dical 

1.40 

- 

1.40 

87 

1.6 

Food-grade Dical 

1.50 

1.35 

2.85 

257 

1.1 


1. Prices based on Chemical Marketing Reporter, 7/23/73. 

2. Based on following usages: 


0.24 tons phos/ton acid 1.09 tons acid/ton STPP 

0.24 tons phos/ton pentoxide 0.77 tons acid/ton food grade dical 

0.24 tons phos/ton trichloride 0.29 tons phos/ton pentasulfide 

0.19 tons pentoxide + 0.55 tons trichloride/ton oxychloride. 


Our conclusion that the cost increases of the magnitude indicated in the 
effluent guideline development document would be of insignificant consequence, 
is further supported by the nature of the markets for the products in question. 
The uses of the products in this segment are such that there is little it any ability 
to substitute other products, should price increases so suggest. Because ol the 
specific requirements for the individual products in this segment, it is almost 
certain that the price increases, particularly of the small magnitude which appar¬ 
ently would result, would be passed on to the ultimate consumer. 

The one possible exception is Feed Grade Dicalcium Phosphate, where there 
is a possibility of substituting other phosphate materials without too much 
difficulty, if the price increase in the dicalcium phosphate were substantial. Such 
materials as defluorinated phosphate rock could be used although there arc 
specific advantages which the dicalcium phosphate does have for certain feed 
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formulations. liven in the case of this product, however, the price increase is so 
small that we do not foresee any impact of a major nature on profitability. 

If the premise is accepted that the costs of achieving zero discharge as 
presented in the effluent guideline development document would have a negligible 
effect on profitability, then it follows that no production curtailments or plant 
closings would be foreseen for any of these products nor would there be 
restrictions on industry growth, as a direct result of the cost increases for 
achieving zero discharge. 

No significant impact would then be expected on employment in the plant 
producing these products or on the communities in which they are located, as a 
result of the cost increases to achieve zero discharge. 
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III. LIMITS OF THE ANALYSIS 


The cost increases for achieving zero discharge, as presented in the etfluent 
guideline development document, have been shown to be relatively small in 
relation to current sales prices — in no case more than 1.6%. This order ot 
magnitude of cost increase is substantially below the variations which we believe 
exist among the individual plants producing these products, in their cost ol 
manufacture, and also less than the cyclical variation in prices which may be 
expected as market conditions change. Therefore the range ol error in the 
conclusions drawn from the cost presented is believed to be small and would be 
overshadowed by uncertainties in the estimates of the cost of manufacturing, and 
in the variation in manufacturing costs from plant to plant. 

The critical question concerning these conclusions is of course the extent to 
which the costs presented in the effluent guideline development document can be 
realistically used as a basis for estimating the costs that will be incurred by 
specific individual plants within the industry. In several cases, producers felt that 
the costs presented in the effluent guideline development document were unreal¬ 
istically low, and also that in certain cases, the technology to achieve zero 
discharge was of questionable validity. Preliminary contacts with major producers 
of . several of the products examined have confirmed that major variations do 
occur among individual plants regarding the applicability of both the technology, 
and the cost estimates as presented in the effluent guideline development docu¬ 
ment. It was not within the scope of our report to evaluate or confirm the validity 
of either the technology or of the estimates of the investment and operating costs 
to achieve zero discharge, which were presented in the effluent guideline develop¬ 
ment document. 
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)517i Information Center 
linvlronmentul Protection Agency 
Washington, D.C. 20A60 

Attention: Mr. Philip B. Wisman 

Gentlemen: 

We are pleased to take thin opportunity to comment on Proposed 
Effluent Limitations Guidelines, Hew Source Standards and Protreat¬ 
ment Standards for the Phosphate Manufacturing Point Source Gategory , 
published in the Federal Begicter on September 7> iy7:>, (Vol. So, 
no, 17X GWl Part 

The requiring of aero discharge by 1977 appears to go beyond 
the intent of Congress which targeted aero discharge as a goal for 
19c>5. The intent we believe was to establish standards representsng 
the range of the heat practicable performance by plants of different 
sixes, ages, and processes. The contractor chose the single best 
plant which in our Judgment doesn't follow the HPT guidelines wh:'Ch 
should reflect the range of exemplary performances. 

Comments on the three sub-categories arc as follows: 

Phosphorus Production: Our information indicates that only 
one'plant is capable of achievin ' xoro discharge and i s 
unable to do so when it is raining. Although other plants 
have achieved high control and low quantities of discharges 
they have not achieved xcro discharge. 

Accordingly, we agree with the limits proposed by the Sager 
Committee: 


V 

0 






1 PO(,i 

0.2 

to 

OJl 

lbs. 

per 

ton 

Pi 

0.2 

to 

0.3 

lbs. 

per 

ton 

TSSl 

0.!3 

to 

1.0 

lbs. 

per 
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Phosphorus Consuming: We currently manufacture only 
phosphoric acid and phosphorus trichloride in this sub- 
cntegory. Wo would anticipate difficulty achieving xcro 
discharge for phosphoric acid unless permitted to discharge' 
spills, leaks and contaminated cooling water after adequate 
treatment, Keeycling of this material would conflict with 
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production of u food grade product. 

Establishment of dissolved solids limits for PCL.’ :1s 
improper based on the fact that the best practicable 
technology for control of total dissolved solids i 
not clearly established. 

Phosphate: Zero discharge has been recoimnended^lor 

sodxum’TfTpolyphosphate. We have not aehie\ed ?.t 1 
discharge and again suggest the application oi the 
limits proposed by the Sager Committee. 

The sublect proposal precludes the public treatment oi 
seven zero discharge products which againi we Relieve is 
>-nrv to eneoura'-ing public treatment. BPT limits 1 ecoiiuiituu.. 
by the Sager Committee would clarify this regarding existing 
plants. 

Time has not permitted us to make u study of the cost 
data submitted by the contractor. 

be adopted. 

Very truly yours. 


i / / 

/ ' ' U i 

,/j. v. Afcnes „ . . n 

Manager, Environmental Contio.i 
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October 9, 1973 


Environmental Protection Agency 
Waterside Mall 
Washington, D.C. 20460 


Attention: Mr. Philip B. Wisman 


Dear Sir: 



I 


! 


This letter is in response to the invitation for comments 
on the proposed Effluent Limitations for Existing Sources and 
Standards of Performance and Pretreatment for New Sources, 38 Fed. 
Reg . 24470 (September 7, 1973). 

The Manufacturing Chemists Association has submitted 
comments pointing out the basic problems with the proposed regula¬ 
tions and suggesting, where feasible, alternatives. FMC Corporation 
concurs in and supports the comments of the Manufacturing Chemists 
Association. 


The Effluent Standards and Water Quality Information 
Advisory Committee in its September 25, 1973, report to the 
Administrator demonstrated the Agency's current methodology to be 
unscientific. On August 31, 1973, the Committee submitted specific 
recommendations to the Acting Administrator on the phosphate 
industry. FMC commends the alternative methodology proposed by 
the Committee. 


This letter is intended to supplement MCA's comments and 
complement the Advisory Committee's report by pointing out an 
additional defect in the Agency's development of effluent guide¬ 
lines — the lack of a usable administrative record against which 
the regulations can be judged. 


Recent litigation has firmly established the principle 
that the Agency must present a record which allows the Court to 
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assess whether the Agency's "decisions and reasons therefore are 
themselves reasoned." Essex Chem. Corp . v. Ruckelshaus , D.C. Cir., 
September 10, 1973, at 12. In FMC's judgment, this principle 
applies equally to the benefit of affected industries and the public. 

The Agency, at least by the time it proposes regulations, 
should make available a record which demonstrates the Agency's 
reasoning and allows correlation of the data base compiled by it to 
the Agency's conclusions on all material points. Without adherence 
to this principle, informed comment on the proposal is virtually 
impossible. 

In an effort to assess the content and adequacy of the 
Administrative record supporting the proposed regulation for the 
phosphate industry, FMC Corporation, on September 13, 1973, 
requested, through its counsel, an opportunity to review and 
duplicate the administrative record supporting the proposed regula¬ 
tions. Appended hereto is a complete list of all documents produced 
or reviewed in response to that request and correspondence relating 
thereto. 

Included in the list are computer printout sheets of 
Refuse Act permit applications. It was not feasible to review 
these documents because they were produced for review at the Public 
Information Center mid-afternoon Friday, October 5; the permit 
applications were mingled with applications of a different industry; 
there were no citations in "Development Document" of which applica¬ 
tions were relied upon? and we were unable to determine whether 
the applications reflect current data. 

FMC Corporation believes that additional documents on 
industry-wide economic impact may be in the possession of the 
Office of Planning and Evaluation. In response to the letter of 
September 24, 1973, counsel was advised such documents would relate 
solely to the August 1973 "Economic Analysis" (the economic impact 
of the proposals on the industry as a whole) and not to abatement 
technology or costs. Therefore, since the validity of the "Economic 
Analysis" hinges on abatement cost data prepared by the Effluent 
Guidelines Division and its contractor, FMC Corporation considered 
review of documents in the possession of the Office of Planning 
and Evaluation as unlikely to result in information of value for 
purposes of comments on the proposed regulations. 
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The documents produced (plus those in the possession of 
the Office of Planning and Evaluation and comments received in 
response to the proposed regulations) constitute the entire 
administrative record against which the effluent guidelines, 
standards of performance, and new source pretreatment standards 
must be judged.—^/ The Agency's regulations (40 C.F.R. Part 2) 
provide a mechanism for withholding documents not subject to 
disclosure and for notifying the requesting party of such a deter¬ 
mination. A portion of one document was identified by the Agency 
and production declined because it had been designated as confiden¬ 
tial by the submitting company. No other documents were specifically 
identified as being withheld on the ground that they constituted 
trade secrets, intra-agency memoranda relating to policy, or other¬ 
wise were not subject to disclosure. 

The inadequacies of the administrative record for the 
phosphate industry are patent. There are no documents which 
attempt to correlate the conclusions stated in the draft "Develop¬ 
ment Document" to data obtained by the Agency or its contractor. 
Indeed, the draft "Development Document" only rarely employs the 
rudimentary mechanism of specific citations to the references 
listed therein as required by Portland Cement Ass'n v. Ruckelshaus , 
D.C. Cir., June 29, 1973, slip op. at 48 and 52. 


As a consequence, it is impossible to evaluate and 
prepare meaningful comments on the Agency's basis for the proposed 
guidelines. FMC notes that this is not a problem just recently 
discovered. At an early public meeting of the Effluent Standards 
and Water Quality Information Advisory Committee it was suggested 
that the Committee could benefit from having available to it in 
an organized manner basic data compiled by the Agency; to FMC's 
knowledge, such information has never been made available. 

Industry representatives, on a number of occasions, have requested, 
but never received, detailed information on the basis of Agency 


In addition to the documents listed in the appendix, a binder 
described as "Back-Up Information for Interim Effluent Guidances 
for the Inorganic Chemical Industry" was provided. That set of 
documents is not a part of the administrative record in that it 
consists of mere conclusions reached by the Agency outside of 
required procedures and without reference to necessary substantive 
criteria established by the Federal Water Pollution Control Act 'j 
Amendments of 197? (P.L. 92-500). 
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proposals. Other commentators have discussed the difficulty of 
testing the Agency's reasoning. E.g ., Items C-4, D-14, E-l, E-3, 

F-3, and F-15 as listed in the Appendix to this letter. 

It is impossible to be exhaustive as to the material 
questions that cannot be answered by reference to the administrative 
record. However, FMC hopes that a few illustrative examples may 
assist the Agency in improving the records by which its regulations 
will be judged. This, in FMC's view, is imperative if the objectives 
of the 1972 Act are to be carried out without unnecessary delay, 
confusion, and controversy. 

The Agency has based the proposed regulations on combina¬ 
tions of exemplary practices at different plants and by technology 
transfer for those subcategories in which no plant meets the 
proposed standard. This approach has been criticized (Item F-14) 
with substantial justification in the 1972 Act (118 Cong. Rec . 

S16873; S. Rep. No. 92-414, at page 50). The only portions of 
the administrative record which might provide the factual basis 
for the conclusions reached in Development Document on exemplary 
plants and technology transfer are Items C-l through C-3, C-5 
through C-13, and F-18. 

Those documents, many handwritten, are difficult and 
sometimes impossible to decipher. The raw data lack such elementary 
validating information as sampling and analytical techniques, 
operating and meteorological conditions at the time of sampling, 
etc. Item H-2. Only rarely can the data, assuming their validity, 
be correlated to data and conclusions in the "Development Document." 

When they can be correlated, the data raise more questions 
about the factual basis for the proposed regulations than they 
answer. For example, there are no data prepared by EPA or its 
contractor for one exemplary plant (TVA) despite the fact that it 
has been repeatedly pointed out that EPA's assessment of performance 
of that plant is erroneous (Items C-4, D-2, D-7, and E-l). For 
another, the data (C-6) demonstrate process effluent from overflow 
during wet conditions; yet, there are no data indicating the 
conditions under which this occurs, quantity or quality of process 
effluent involved, methods of preventing process discharges, the 
cost thereof, or applicability to other plants. 
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The TDS limits for PCI 3 and POCI 3 plants raise an equally 
serious problem. FMC has been unable to proceed logically from 
the data in Items C and F-18 to the BPCTCA limits. With respect 
to the BAT and the standards of performance, the only factual 
information relates to the lack of technology for TDS removal 
( e.q ., F-16). The "Development Document" basis for technology 
transfer (refrigerated condensors) is nowhere referred to in the 
record as used or contemplated for use in PCI 3 or POCI 3 plants. 

FMC would have thought that engineering judgment would 
lead to evaluation of such potential technology in the context of 
individual PCI 3 and P0C1 3 plants visited; there are no such data 
in the record. In the absence of data "demonstrating" the technology 
for such plants(and in light of the high energy demand of the 
technology), FMC believes that the standard should not be adopted 
for Level II or the new source standards, bearing in mind that 
these standards may be revised as new data warrants. 

The Development Document contains a fifteen-page discussion 
of the cost of pollution abatement for the industry. The record 
is a virtual blank on costs. 

There are no citations in the Development Document to 
supporting documentation in the record and only a few isolated 
references to cost in the record, many of which, as pointed out in 
MCA's comments, contradict the Development Document. Basically 
for that reason, it is impossible to determine in a meaningful 
manner how costs summarized in Table 18 of the Development Document 
were calculated. 

In addition, the Development Document is replete with 
vague recommendations on housekeeping, minimization of storm water 
runoff, and other practices that are not part of the no-process 
waste standard (or the finite BPCTCA limit for PCI 3 and POCI 3 
plants) and deferred abatement problems such as boiler and cooling 
water blowdown, percolation to ground water, and solid waste 
disposal for which no cost is estimated but which may involve 
substantial costs. For example, FMC estimates that rigorous fail¬ 
safe housekeeping measures at its STPP plants to minimize further 
already minimal non-process sources of pollutants (runoff and minor 
leaks and spills) could entail capital costs nearly 50 times the 
highest capital cost figure in the Development Document. 


1 '?r 





Environmental Protection Agency 
Page Six 
October 9, 1973 


This, in FMC's judgment, is a major defect in the 
administrative record, as is the failure to include in the economic 
impact analysis the cumulative impact of air, water, solid waste, 
OSHA, and other environmental requirements. This practice of 
overlooking or deferring assessment of substantial problems was 
the basis for remand in Essex Chem, Corp . v. Ruckelshaus , D.C. Cir., 
September 10, 1973, at 20-23. 


Very truly yours, 

hJ.oU, C- 

Neil C. Elphick 
Director 

Environmental Planning Department 
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MANUFACTURING CHEMISTS ASSOCIATION 

1825 CONNECTICUT AVENUE. N W • WASHINGTON. D C. 20009 • (202) 483-6126 


WILLIAM J. DRIVER 

PRESIDENT 


October 9, 1973 


EPA Information Center 

U. S. Environmental Protection Agency 
Washington, D. C. 20460 

Attention: Mr. Philip B. Wisman 

Subject: Proposed Effluent Limitations Guidelines 

for Existing Sources and Standards of 
Performance and Pretreatment Standards for 
New Sources - Phosphate Manufacturing 
Point Source Category - (40 CFR Part 422) 


Dear Sirs: 

The following comments and appended Technical Assessment are 
submitted on behalf of the Manufacturing Chemists Association 
(MCA), a non-profit trade association with 170 United States 
member companies representing more than 90 percent of the 
production capacity of basic industrial chemicals within this 
country. As manufacturers and handlers of the chemicals in 
question, our members have a direct and critical interest in 
the proposed rules published in the September 7, 1973, FEDERAL 
REGISTER. 

Our reaction to the proposal is one of serious concern. 
While the preamble recognizes some issues previously raised by 
interested parties, some of the more critical problems have been 
neither recognized nor addressed and few of the issues have been 
dealt with to any essential degree. We conclude that: 

. Zero discharge does not constitute best practicable 
control technology, in that such a standard would 
not describe the range of exemplary performance 
currently practiced. 
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. The proposed guidelines conflict with pretreat- 
ment standards and essentially prohibit any 
continued or future industrial participation 
in joint treatment facilities. 

. The economic impact study supporting the proposed 
guidelines is seriously understated. 

Considering all factors, we recommend that the final 
regulations not be promulgated in the form proposed. We urge 
EPA instead adopt the specific August 31, 1973 recommendation 
of the Effluent Standards and Water Quality Information 
Advisory Committee^and provide for effluent limitations based 
on appropriate recognition of waste load, size, age, and type 
of facility and geographic factors. The subsequent September 25, 
1973 recommendations of ES&WQIAC 1 2 further support the need to 
recognize such factors. 

Sincerely, 

WV J. Driver 


1. Effluent Standards and Water Quality Information Advisory 
Committee August 31,1973 Action Memorandum on Proposed 
Effluent Limitations Guidelines, Standards of Performance, 
Pretreatment Standards for New Sources and Information on 
Alternative Treatment Methods for the Phosphorus Derived 
Chemicals Segment of the Phosphate Manufacturing Point 
Source Category. 

2. Effluent Standards and Water Quality Information Advisory 
Committee Evaluation of Current Methods for Establishing 
Effluent Limitations for Industrial Point Source Discharge 
dated September 25, 1973 



TECHNICAL ASSESSMENT 
Of 

PROPOSED GUIDELINES AND STANDARDS OF PERFORMANCE 

for 

PHOSPHATE MANUFACTURING POINT SOURCE CATEGORY 

Interest in the technical development of guidelines for 
EPA's effluent limitations program is relatively longstanding. 

The first formal comments specific to phosphate were presented 
at the Effluent Guidelines and Standards Division's "Inorganic 
Chemicals Industry Effluent Limitation Guidance Regional 
Industrial Seminar" on November 16, 1972. On August 1, 1973, 
in a letter to Mr. Allen Cywin concerning the June 1973 draft 
development document on the non—fertilizer phosphorus chemicals 
industry, we transmitted technical comments and included those 
of FMC Corporation specific to phosphorus chemicals. Technical 
experts from various chemical manufacturing companies have also 
commented formally and informally to EPA, General Technologies, 
Inc., and the Effluent Standards and Water Quality Information 
Advisory Committee. 

It is not apparent that EPA has given any consideration to 
these comments and recommendations. For this reason, a number 
of the more substantive points are herein reiterated. 


.V. 


Zero Process Discharge 

Public Law 92-500 establishes zero discharge as 


a goal for 1985. Requiring the actual achievement 
of that goal by 1977 appears to go far beyond the 
intent of Congress. 

Legislative history relative to effluent standards indicates 
that Congress intended that by 1977 the applicable standards 
represent the range of best practicable existing performance 
by plants of various sizes, ages, and processes.^ - According 
to the contractor's report, exemplary operations which achieve 
95 - 100 percent removal of pollutants would be made obsolete 
by the proposed standards. 2 ' 3 These operators have, in good 
faith, invested in water quality control schemes using advanced, 
end-point treatment. 

BPT guidelines should constitute a range of performance 
which encompasses "the range of exemplary performance" - not 
just the best single plant or, in the case of several products, 
the best combination of technology (undemonstrated) transferred 

from other products. 

Considering the three sub-categories: 

(1) Phosphorus: The zero process discharge guideline is 
based on just one of the ten U. S. manufacturing plants. The 
operator of this plant states zero discharge can be maintained 
only when it is not raining. 

r 

~~Ti Senator Muskie's remarks during Senate consideration of 
p.L. 92-500 Conference Report. 

2. P. 126, EPA 440/1-73/006 Development Document RE: Plants 028 & 159 

3. P. 134, EPA 440/1-73/006 Development Document RE: Plant 00^ 
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The contractor also points to the Tennessee Valley 
Authority's Phosphate Demonstration Center in Alabama as 
achieving zero discharge of process waters other than phossy 
water. Both TVA and the Effluent Standards and Water Quality 
Information Advisory Committee have stated that this claim is 
not factual. 

The Report further states that two plants achieve "very 
high (97 to 99+%) control and treatment efficiencies and 
correspondingly low quantities (although not absolutely zero) 
of discharged constituents. 

Producers concur in the numerical limits recommended 
by the Effluent Standards and Water Quality Information Advisory 
Committee for promulgation as guidelines representative of the 
"range of exemplary performance." 

These limits are: Elemental Phosphorus 0 

Suspended Solids 0.5 - 1.0 lb/ton 

Phosphate (P0 4 ) 0.2 - 0.4 lb/ton 

Fluoride (F) 0.2 - 0.3 lb/ton 

(2) Direct Phosphorus Derivatives: This sub-category 
includes phosphoric acid, phosphorus pentoxide, phosphorus 
pentasulfide, phosphorus trichloride, and phosphorus oxychloride 
Zero process discharge is recommended for the first three, and 
limits are proposed for the last two. 

Zero process discharge represents BPT for phosphoric acid 
if discharge of leaks, spills, and contaminated cooling water 

A 
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is allowed after suitable treatment. Recovered materials cannot, 
however, be recycled back into the process without violating 
quality requirements for hi-purity (frequently food-grade) 
products. 

For the remaining products, it is stated that the 
recommended levels have not been achieved by any plant. The 
validity of the assumed BPT basis and the practicality of 
installing undemonstrated technology as a NPDES permit condition 
is basis for concern. 

It would be more practical for a qualified group such 
as the Effluent Standards and Water Quality Information Advisory 
Committee to solicit proposals as to what would constitute 
reasonable BPT and recommend defensible numerical limits rather 
than to adopt synthesized zero discharge rationale assembled 
by the contractor. The dissolved solids limits proposed for 
phosphorus trichloride and oxychloride appear inappropriate in 
the light of the recognized lack of practicable technology for 
TDS control. 

(3) Phosphates; This sub-category includes sodium tri¬ 
polyphosphate (STPP) and both food and feed-grade dicalcium 
phosphate. Zero process discharge is recommended for both. 

Zero discharge is probably BPT for non-food-grade, single¬ 
product STPP plants. Where food-grade restrictions apply and/or 


a 








other salts (such as calcium, ammonium, potassium, or sodium 
phosphates) are manufactured, however, zero process discharge 
technology is not applicable. 

The Federal Register and the Development Document staffs 
that the entire industry (fifteen plants) has already achi • ed 
zero process discharge, however, only two plants are known r v 
have demonstrated this ability. Thus, the technology basis 
is grossly overstated, and the economic costs grossly under¬ 
stated. The conclusion that zero discharge is justified on 
the basis of economics is not factual. 

The food-grade dicalcium phosphate technology is undemon¬ 
strated and the contractor has suggested a combination of steps 
(conversion from wet to dry dust collection, lime treatment/ 
vacuum filtration, and polymeric clariflocculation) which are 
untried. 

Effluent Standards and Water Quality Information Advisory 
Committee has suggested a range of numerical limits which 
producers feel are technologically reasonable for the phosphate 
sub-category. These limits would allow use of best practicable 
end-point treatment rather than imposing total process recycle 
as the only technology which may be applied. This would be 
consistent with EPA's long-stated position of not dictating 
specific technology or how limitations are achieved. 
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. Pretreatment Standards 

In CFR 40 Part 128 it is proposed that any pollutants 
other than BOD, suspended solids, fecal coliform, 
and pH, are by definition incompatible pollutants 
and must be treated (pre-treatment and public treat¬ 
ment) to BPT levels as defined in the 304(b) 

Effluent Guidelines. 

For the seven recommended zero discharge products, public 
treatment would be forbidden in that tley involve waste 
parameters other than the four defined as compatible (i.e., 
dissolved solids, COD, color, etc.). This appears contrary 
to the intent of Congress to encourage public treatment. 

Adoption of the numerical BPT limits recommended by the 
Effluent Standards and Water Quality Information Advisory 
Committee would resolve this conflict for existing plants. 

The zero discharge new source pretreatment standard should 
receive similar consideration. Recently released "Pretreatment 
Guidelines" suggest "no pretreatment required" for STPP. 

. Treatment Costs 

The contractor has estimated the total industry will 
spend $9.2 million to achieve the recommended dis¬ 
charge levels. One manufacturer alone, representing 
only seven of the eighty plants involved, might 
spend this amountl 
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The compliance cost estimate for "representative plants" 
in six of the eight product categories is in the $0 - $50 
million range. These facilities generally involve separation 
of products and non-contact water systems, surge tanks, pumps, 
lime treatment facilities (lime unloading, storage, slaking, 
slurry surge, pumps, and lines), clariflocculators, settling 
ponds, polymer feed systems, vacuum filtration, effluent surge, 
and recycle pumps and lines. The $500,000 estimate for 
phosphorus plants represents a simplistic scheme of pumping 
the representative plant's effluent (Plant 028) back to the 
intake. This "system" would not only be unworkable, but the 
use of a single exemplary plant as representative of the 
entire industry is improper. This plant estimates zero process 
discharge compliance cost at $2.4 million. 

A. D. Little's position is that the economic impact study, 
no matter how detailed, is no better than the compliance data 
provided them by EPA. It would not appear that the economic 
impact on this industry has been properly characterized. 
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Mr. Allen Cyv.’in 

Director, Effluent Guidelines Division 
Office of Air £ Water Program 
Environmental Protection Agency 
Washington, D.C. 20450 

Dear Mr. Cyv.dn: • 

We wish t:o comment on the EPA-proposed guidelines for the 
non- £»■!vtili &er phosphates industry. 

Wo are particularly concerned about the recommendations of 
zero discharge by July 1, 1977. We are unable to obtain 
zero discharge from any feasible standpoint in our manu¬ 
facture of the subject products. We attach a cony of our 
earlier comments on the zero discharge recommendations in 
the MPA contractor study report. These comments are also 
valid with respect to the EDA proposed guidelines. 

We are in accord with the Manufacturing chemists Association 
comments and recommendations regarding these guidelines and 
urge these bo adopted. Although it will take research, time 
and large, expenditures the limits recommended by y.c:arc 
probably iilu; \liable providing enough land can be. found for 
d.ispo: si of the thousands of tons of solid waste which will 
result from using lime tor chemical treatment of effluents, 
and providing the nation does not exhaust its lime-producing 
capacity. 


Wo are deeply concerned about the. grossly .erroneous and mis¬ 
leading corf information contained in the contractor's develop¬ 
ment document upon which I he proposed guidelines are based. 


for example jT 
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Pleai.se do not promulgate guidelines based on sue’: 
Sincerely, 


Edgar J.. Conant 
Manager 

Environmental Control 
EECiah. 
att. 
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COLUMOIA, TENNESSEE 38401, PHONE (615) 388*6752 

f | 


Mr. Phillip B. Wiseman 
Environmental Protection Agency 
Washington, D. C. 20460 

Dear Mr. Wiseman: 


• Re; 


September 28, 1973 



(40 CFR Part 422) 

Phosphate Manufacturing . / 

Federal Register Vol. 38, No'. 173, Part 11 
Friday, September 7y-19?T 
Page 24474 


Publication of the proposed rules contains preamble statements on primary 
issues raised in the technical development of the effluent limitations. Two 
of the issues (Paragraphs (1) and (5)) relate to the actual and practicable 
achievements of zero discharge of process waste water pollutants. Paragraph (5) 
on Page 24474 relates to total recycle and the impact of heavy and prolonged 
rainfall. 


Our Columbia, Tennessee plant practices recycle (closed loop system). How¬ 
ever, despite our best efforts there are times when "zero discharge" is not attain¬ 
able., practicularly when we get excessive rainfall. A number of lagoons and large 
holding ponds have been constructed to accommodate a normal rainfall runoff, and 
total recycle is practiced. However, during prolonged and heavy rains with run¬ 
off from large acreage, these lagoons and ponds fill up;and it is impossible to 
contain this surplus water. To our knowledge commercial practical technology does 
not exist for containing and using all runoff in the plant site. 


The statement that, "plants practicing total recycle will have no difficulty 
in meeting regulations in arid regions" is meaningless since there is little rain¬ 
fall and no phosphorus plants in such regions. To our knowledge, there are no 
phosphorus producers that have achieved "zero discharge" 1007. of the time, and it 
is not correct to state that, "it may be more difficult to practice total recycle 
in a humid region than in a dry region, established sound procedures for lagoon 
design location and for control of rainfall runoff are among the factors that 
make the regulation practicable." EPA treatment of this issue is apparently 
based on information General Technologies, Inc. obtained at our Columbia, Tennes¬ 
see plant; and we wish it noted that on several occasions we raised this point 
with General Technologies, Inc. noting the impracticability of containing all 
storm runoff. Holding ponds (lagoons) in the Tennessee area are constructed 
according to the best practicable technology. To make these ponds deeper would 
createmore problems. All of these ponds are constructed in hilly country. Drain¬ 
age from the surrounding area flows into and fills these ponds during heavy rain¬ 
falls. Due to geographic location and topography of the surrounding countryside, 
it is impractical to consider diking of the ponds to prevent intermingling of 
rainfall runoff with process water. ^ 7” 
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Mr. Phillip Wiseman 
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September 28, 1973 


I would also point out that when excessive and prolonged rainfall conditions 
exist, surface streams are usually in flood stage and minor contaminants result¬ 
ing from pond effluent discharges have no detrimental effect on the receiving 
streams at these^ times. 

Since this problem occurs not only in phosphorus and phosphorus product 
plants, we suggest a section be added to this as well as all other regulations 
calling for "no discharge of process waste water pollutants" to exempt the 
discharge of storm runoff watdrs from plant sites and surrounding areas which 
might contain trivial quantities of pollutants normally found on surfaces in 
manufacturing locations. 

In addition provisions should be made for discharge of contaminated water 
containing limited levels of contamination from ponds in humid areas where a 
net positive water balance exists when natural and process inputs are compared 
with evaporation rates. 

These actual experience factors should be considered in your final deter¬ 
mination of "zero discharge" 100% of the time in this industry category. We 
would welcome the opportunity to discuss this matter further with EPA. 

Sincerely yours, 


EFS/pr 

cc: Mr. John Quarles 

Acting Administrator 
United States, EPA 
Washington, D. C. 20460 


HOOKER CHEMICAL CORPORATION 

E.'F. Smith, Manager 
Environmental Monitoring 


Mr. Allen Cywin, Director 

Effluent Guidelines and Standards Division 
Office of Water Programs, EPA 
Washington, D. C. 20460 

Dr. Martha Sager, Chairman 
Effluent Standards and Water Quality 
Information Advisory Committee, EPA 

Washington, D. C. 20460 |<)|2 
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M louts, Missouri t.rnfiG 
Hior.o. J114 b r i4-?00ft 

October 2, 


EPA Information Cni'er (3) 
Environmental Protoc tion Agency 
Washington, D. C. 20460 

Attention: Mr. Philip B. Wisman 



Subject: <10 C.F R 422 - Proponed Phosphate Manufacturing 

Effluent Standards 


Gent! emen: 


Monsanto Industrial Chemicals Company is a major participant in the 
Nun-F ej tilizer Phosphate Chemicals industry and considers the promul¬ 
gation of fair, effective effluent standards of utmost importance. Accord¬ 
ingly, we have worked very actively with the contractor during four plant 
visits, provided extensive input to the Effluent Standards Advisory Com¬ 
mittee (ESkVQLAC), contributed sensitive financial data to the economic 
impact study, and commented on several occasions directly to the Effluent 
Guidelines Division. We are, quite frankly, very disappointed with the 
Jack of response to this past input and trust that these comments will re¬ 
ceive sincere consideration. We have not burdened this submission with 
copies of past inputs which we know to be a part of the public record as 
constituted in your office, 

• 

We have attached, however, two recent inputs to the Agency which are 
relevant. Attachment A is a copy of a statement made to the; Effluent 
Guidelines Advisory Committee on September 20 which summarizes our 
comments. Attachment 13 is a teletype sent to Mr. Quarles on Oct. 2, 
again highlighting our position. Attachment C is a detailed critique of the 
Federal Register publication of Sept. 7 and the related Development Doc¬ 
ument (EPA 4 10/ 1 -73/006). 


As you will determine from these attachments, Monsanto contends: 


I) 


The study upon which this category's zero discharge 
are based is fraught, with errors. 


recommt nd.il ions 
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Z) Promulgation of zero process discharge as "best practicable control 
technology currently available" (HPT) is not justified by the Develop¬ 
ment Document. 

i) The recommendations of the Effluent Standards Advisory Committee 
(ESVVQ1AC) appear to represent HPT in that "the range of current, 
exemplary performance" is reflected. 

4) Zero discharge standards are incompatible with the proposed 40 C.FR 12S 
pretreatment standards. 

5) Economic impact data which is offered to support zero discharge is 
understated by as much as a factor of twenty! 

In your final deliberation prior to promulgation, we stand ready to assist in 

any way possible including documentation of any premise contained herein. 


Very truly yours, 

L 





C. P. Cunningham 
Managing Director, 
Vice President 










( AI l.u' 111111 nl A. ) 

MONSANTO 1NDUSTRIAI CIIKMICA1 S COMPANY 
ST. LOUIS, M l. i. jOU KI 


STATEM i:NT 
BY 

M. L. MULLINS 

MANAGER, ENVIRONMENTAL PROTECTION 
BEFORE 
THE 

SEPTEMBER 20, 1973 PUBLIC MEETING 
OF THE 

EFFLUENT STANDARDS fc WATER QUALITY INFORMATION ADVISORY COMMITTEI 

BUILDING IIZ 
CRYSTAL MAIL 
ARLINGTON, VIRGINIA 

i 

RE: 

PR Ol >1 )SED PIlOSIM 1 ATE MAN UFACTURIN G EFF1.UENT STANDARDS 
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MONSANTO IN'IH ISTK I Al. CI ll.M IC AI.S COMPANY 
Si. Louis, Mo. 

SUMMARY Of COMMENTS 

PROPOSED PHOSPHATE MAN II FACT IJ R I NT. Ill I I.UIIMT LIMITATION Gl) I DEL INES 
'JO C1R, Part 422 , Federal Register, Vol. 3S, N'o. 173, Sept. 7 , 1973) 

AND 

DEVELOPMENT DOCUMENT 
(EPA 440/1-73/0U6) 

i. scorn 

The subject guideline* proposal deals with cler.ental phosphorus, 
phosphoros~con suming processes (phosphoric acid and phosphorus 
pontoxido, pen t asu 1 l'i vie , trichloride and oxychloride) and phosphate 
processes (sodium tripo1yphosphate and calcium phosphate). Put 
another way, the guidelines cover phosphorus, chemicals made 
directly from phosphorus and those made from phosphoric acid. 

11 . CPA PROPOSAL 

Zero process discharge guidelines arc proposed for all products 
except for phosphorus trichloride and oxychloride (for which 
specific numerical limits on TSS [total suspended solids], TPS 
[total dissolved solids] and pit are given). This means that no 
water which has contacted process material may be discharged, as 
opposed to other uncontaminated cooling or utility blowdown streams. 

III. MONSANTO PART I CIPATION 

Detailed comments on the contractor's draft report were submitted 
to the ESVt'QIAC on July 21 and ?8 and to CPA Effluent Guide lines 
Division on July IS and 2V). Also, extensive information was 
furnished to the contractor during four plant visits (Trenton, Mich.; 
Columbia, Tcnn.; St. Louis, Mo.; and Soda Springs, Idaho) and to 
the ESWQIAC at its April 30, 1973, workshop at Purdue University. 

IV. MONSANTO COMMENTS 

The following represents a greatly condensed recap of our comments: 

1 . A "zero process discharge" effluent guideline for the 
ma nufacture of el e me n t a 1 phosphorus, sodium l r i poly¬ 
phosphate and f oo d - g r a d e calcium phosphate is not IJ P T 
(" Be st Practicable 1 9 7 7 Technology") but probably does 
constitute BAT ("Best Available 1983 Tec hnol ogy). See details 
attached. 

2. Zero discharge for phosphoric acid is DPT. 

3. Monsanto does not manufacture phosphorus pento.vidc 
and accepts the recommended limits on phosphorus 
trichloride and o.\y eh 1 or i vie . IVe are skeptical as 

to our ability I o achieve r.ero v. i s ch a r ge for phosphorus 
pen t asu 1 li vie hut have no data to refute this rocomineiidn- 
t i on . 

12C'J 
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Prctrnatment gu i dc 1 i nrs require HPT for dissolved 
solids. With a zero discharge HPT guideline, this 
wi ll proli i h i t _ j o i m t r e a r lacn t . 

economic data appears grossly understated. Monsanto 
alone would expect., to spend almost $10 million at 
nine plants to achieve these levels (if technology 
were in hand). HPA estimates $9.3 million for the 
entire i iu!ir- 1 ry . 

v 
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• i ■' Senate consideration of the conference 
9 2 - 5 U 0 , described I.P’I in 11« o following, statement:;: 
at or should establish the range of ’best practicable' 
por. the avt^rap.£ of best existing performance by 
ous sizes, ages, and unit processes within each 
egory." - anti - "Best practicable can he inter- 
equivalent of secondary treatmint for industry..." 
a 1 ancing t cs t. be tween total cost antl c f fluent 
i it s is intended to limit the application of 
re the additional degree of effluent reduction 
ol proportion to th • costs of achieving marginal 


In this context, wc feel that a range of BPT performance should 
be allowed to include other plants (such as 028 and 1591 described 
as exemplary by the contractor in the light of their 97 - 99 "* + 
removal efficiencies (page 126). Neither has a detcctible impact 
cn receiving water quality to offset the very substantial cost 
($3 - 4 million) of achieving zero process discharge. 

• 

Accordingly, a guideline range of 0.2 - 0.4 ///ton P0 4 , 0.2 - 0.4 ///ton I 
0. 5 - 1.0 it / ton TSS and zero ele me ntal phosphorus is rcco mme n d e d . 


SODIUM TRI POLYPHOSPHATE 


The proposed rules contend (PR page 24473) that "Zero discharge 
of process waste water pollutants to navigable waters is being 
achieved by all of the sodium tripolyphosphatc segment." 
Accordingly no investment or annual costs for compliance arc 
reflected in the economic study. 

Monsanto makes almost half of the U.S. production of this ‘ 

product, and we have not achieved zero discharge at any of ^ 
our five locations. Wc arc trying to demonstrate this’ capability 
at one non - food - grade, single-product location. We do not have 
this technology in hand for either food-grade or mu 11i-product 
(i.c. calcium, sodium, potassium, and ammonium phosphate) plants. 



We have, however, demonstrated advanced phosphate removal 
treatment (double lime precipitation plus vacuum filtration) 
at one plant which is identified as exemplary by the contractor 
(Plant 00<» - page 134). 


A guideline range of 0.1 - 0.3 ///ton PO. and TSS would reflect 
this recently installed 95** removal process. 















Tit'.' contractor Slates that no one has accomplished zero 
process discharge for this product and, on page 134, indicates 
how it i:.ij;ht lx: achieved by using? several transfers of technology 
from o 1 her products (dry dust collection, polymeric flocculation, 
lime ticatnont, and vacuum filtration). We cannot refute these 
as s ump i i on s bill can state that the combination is undemonstrated 
lor this process, and is unlikely to be acceptable for food-grade 
purity. A guideline range similar to sodium tripolyphosphate is 
recomnen ded. 
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Mr. John Quarles 1 0/<d/7 i 

Deputy Admin)str a lor 

l). S. Liiv»i‘tu)iiu;iiliil I'ruluclion Agency 
Room 1<£0.) West Tow or, Water side 
•ml M Street, S. \V . 

Washington, 1). C. <£G-iuu 

Dear Mr. Quarles: 

After unsuccessful attempts to make an appointment with you, I 
am resortin'; to this less sutisfac ory means of personally communicating 
our deep concern re; proposed zero process discharge guidelines for 
phosphate chemicals manufacturing. 

Personnel in the Office of the Administrator have assured our 
Environmental Protection staff that you are cognizant of our position and 
that we've done all we can do. The financial impact of zero discharge 
by 1977 is so great, however, that we arc compelled to exhaust every 
Paeans to insure that this problem is recognized at the highest level 
of EPA. We will, of course, submit detailed comments as proscribed in 
the" Federal Register. The ineffectiveness of oar voluminous input to 
the Effluent Guidelines Division and the Advisory Committee, however, 

t 

has led us to believe wc cannot rely on conventional channels alone. 

Our highly condensed position follows. 


(1) The contractor's report and virtually identical EPA development 
document are full ol errors and faulty information. No* revisions 
were made .is a result of specific and documented critique of these 
reports. Many plants are claimed to have achieved zero discharge 
which have not. In several cases the contractor synthesizes i ^3 A 

technology oy •lasooitiig that Vuiiuuo lct,hnhjucs iron, oilier processes 







(1) - Cunt'll. 


will Iran:.fur one t'» another, an*’, that the undemonstrated 
combination will work. We b'-lieve such an np»ronr!i should 
exjirofis host aval] a. Mo rath or than host practicable technology. 

Best practicable standards fo” phosphorus should consist of 
a rruifjc which includes exem'dary plants other than Ino one 
which achieves zero. Failure to do so penalizes those who 
have voluntarily invested in efficient (97-99% p’us) end point 
treatment. Limits of 0.4 lbs p--- ton phosphate as phosphorus, 

0.4 lbs per ton fluoride and 1.0 " per ton suspended solids arc 
recommended. 

Zero process discharge can probably be attained for phosphoric 
acid, STPP and calcium phosphates provided that treatment and 
discharge of acid spills and leaks is allowed and the latter two 
involve non-food grade, single product plants only. 

For treated acid wastes, and food-grade or multi-product phosphates 
limits of 0.3 Jbs per ton for both phosphates and suspended 
solids are recommended. We do not believe that zero discharge 
technology is available for these situations. 

The proposed pretreatment standards in 4 0 CFR 1?->‘1 when combined 
with the zero discharge guidelines would proh•!>:t continued or 
future industrial participation in public treatment. 
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(6) The 
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lor STPP in that all 15 plants h«ve already achieved zero. V/o 
have established that no more than two or three have done so. 

We feel sure you can appreciate the magnitude of our concern in the 
light of the above comments. The Federal Register discussion estimated 
a total compliance cost of 9. 2 million dollars for the 80 plants involved. 

V/e estimate that we would spend that much on our nine plants alone if we 
had the technology in hand. 

We urgently request that the above comments be reflected in final 
promulgation of the subject guidelines and/or that the ESWQIAC recom¬ 
mendations be adopted. Guidelines which represent the range of exist¬ 
ing exemplary performance will provide a fair, enforceable basis for 
timely environmental improvement. Unjustified, unreasonably zero discharge 
stanouros will result in unfair economic impact and other exercises which 
will serve neither government, industry, nor the environment. 

Feel free to call me at 3 Id - 691-2008 if 1 may be of service in this 

mat ter. 

C. P, Cunningham 

Vice Prcsidt ul «\i Managing Directin' 

Monsanto Industrial Chemicals Co. 
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MOf'J.'.AK'lC) IN I >1I: .'IKJ A I, r;i IKM1CAI S COMPANY 
.Si. LOUIS, MISSOURI 
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«2A N iMuns.yo cKj^^/z-siipjc v, 1 <m kk i> i-:rai. rkc r; ter) an n 
Pi'iYJ'LP 1 ' ;KNJ_nc a :iI n’ r (spa -mo/ l- . 73/006) 


llu- Study, upon which the recommended guidelines arc bused, contains Loth 
substantive and incide ntal inaccuracies. Examples include, but are not 
limited to, the following; 

- j^gc_2 ^73 Par. (vi) fl). -No discharge of process waste 
water pollutants to navigable waters i a being achieved by all of the sodium 
tripolyphosphate segment. No additional cost is required to maintain this 
status . The M-CA Task Group, representing the 6 largest producers, has 
reviewed these comments and identified only two such plants out of the 15 
(A. D. Little Study) to 17 (Ge neral Technologies Corp. Study) U. S. plants. 

l^hipmc^ Pocument^ect. 1 , Page 1, Pa r. 3 states that "two (plants) have 
achieved zero discharge of ortLer (than phossy water) process waste waters. 

ln gl^E ^J X, P iieiLJL?2 ouc of thesc plants is identified as TVA's who state 
t int they do discharge such wastes and were not contacted by G. T. C. 

g ect. I Page 2, Par. Z states that "several plants (in the phosphate segment) 
have already achieved zero discharge. ..." and on Page 66 (Sect. V) 
"Exemplary plant 006 has no process wastes". This' plant is MonTanto's 
Trenton, Michigan phosphate facility. G. T. C. was invited to (and subse¬ 
quently visited) this plant so that we could make the point that advanced 
phosphate removal technology - as is employed at Trenton - must he allowed 
at multi-product, food-grade operations which are not compatible with total 
recycle. The contractor saw and sampled the discharge from'the treatment 
plant and yet identified it as zero discharge in the report. We question, 
therefore, the validity of other zero discharge claims in the report. 

recommends dissolved solids presentment to best 
practicable levels (i. e. zero), yet also suggests limits of 30 ppm P0 1 and 
-50 ppm l.S. S. This inconsistency suggests that little thought lias been 
devoted to the impact of "zero" as a pretreatment requirement. 

—- C — " Two other phosphorus plants which utilize lime 

treatmeut and sedimentation for process water treatment are plants 028 and 

' ' , 1 U * 1,Iu *f 0l whi ‘ ,l recycle treated waste water". Quite to the contrary, 
these plants (Monsanto’s Columbia, Tennessee and Soda Springs, Idaho 
f.u ihlies) totally reeyeJe the streams referred to. G. T. G. inspected both 
plants at our invitation! « 

±'/.; 








Sect. IX, I *«t j.*«• I’d '.l.ites '"i! 
our T r ••til on, MhIu;;,iii I * I. • t ■ ? ) 
prec ipil.lt i'llt »»l |«lni '.pit.lie \ .1 
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report* *1 that our *. .p<- t i*m *• 

•iml 3-30 ppm cli: olved phn.> ;> 
"demon: trated" c!«■:■ |>itc* writ.’* 
pub]ication greatly impair:; t.b 
(lards development. 


• • de i m*n:. t; . •! e< 1 pr.it ta • at I'laiil 00f> (again 
. ailer J.'iim treatment lot - neut ra li:..i t ion and 

• <*•/, is lie* <li ret t vacuum filtration of result 

'* r graxiiy settling wan judged impractical 
!:i( ‘atioll I ■ n reduce the Sir pended solids 
nepbiie; !<j ihi- level ol 0. r i rn g/.i. ...ami 

tin* G. T. visit. Iiova ver, we 
iueii atetl p'-..o. - man- i in' 50-1 i0 ppm T. S. S. 

'1. ti 1 .., Ke|juji siu 'i perlorni.iM e as 
n tuitili* aiion * of the error well in .idv.un c o 
e credibility of the study as a basis for st.m- 


The referenced letter also identified 28 other recommended chances or cor¬ 
rections to the contractors* report which were not reflected in the develop 
ment document. 


Promulgation of zero process discharge as "best practicable control tech¬ 
nology currently available" (DPT) is not justified by tin; Development Document. 

First, we note that in Section 101 of Public Law 92-500, zero discharge of 
pollutants is a goal for 1985. Also, in Sect. 304 (b)(1)(B), the guidelines for 
B. P. T. (to be achieved by 1977) are to consider: 

a) The cost in relation to reduction benefits achieved. 

b) Age of equipment and facilities involved. 

c) Process employed. 

d) The engineering aspects of the application of control techniques 

e) Impact on air pollution, solid waste disposal and energy requirements. 

Further, the Congressional intent re; the nature of B. P. T. guidelines was 
expressed by Senator Muskie to wit - "The Administrator should establish 
the range of 'best practicable' levels based upon the average of the best 
existin g performance by plants of various sizes, ages, and unit proc esses 
within each industrial category". ^ 

1 (See letter - M. L. Mullins to Dr. Robert C.. Shaver (G. T. C. ) and Mr. 

El wood Martin (EPA Project Officer) dated July IK, 1973). 



i 


Page 169, Volume 1, "A Legislative History of the WPCA Amendment 
of 1972. 










\v<- contend tli.it tin- zero process discharge fill t st.mil.. r<u. propo.si cl >,u 
far beyond the intent of wl.at was intended l,y 1977; do not, in fact, consider 
the factors required by the law; and do not, in any way, represent the_ran; e 
of best existing performance. Further, aero discharge dictates total 
r ci vi le as treatment technology rather than allow a choice of adequate 
alternative technologies as EPA has often stated ,.s a commendable objurtiv. 


Plants 006, O.’.h and 1 69 are described by the contractor as "exemplary, 
as "achieving very high (97-99%)) removal of pollutants" ' and as "achieving 
very low levels to 1 SS and 1Ds . 

Zero process discharge standards which would prohibit continued use of such 
treatment investments will penalize tl »se who have, in many cases voluntarily 
and quite recently, acted in good faith. 

No discussion is found in the Background Document which evaluates the high 
cost of going from 97-99% t removal to zero discharge as compared to the 
minimal benefits achieved. 

No determination is found of the age of the few (4? ) existing zero discharge 
plants. It’s realistic to build a new zero discharge plant for some of the 
products covered, but in many cases it is physically impossible to convert 
older plants with integrated sewer systems and end point treatment to total 

recycle. v.--" 1 ' ' . , " 


Process differences such as solution vs. slurry fed_ SXE .IL- food-grade vs, (. 
technical grade STPP and calcium phosphates, arid vs. high rainfall 
geography, and single product vs. multi-product configuration, are not ^ 

reflected, except that to point out that the single zero discharge phosphor^' 
plant does discharge when it rains! \ 
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Impact on non-water environmental concerns is mentioned but not i cully 
considered in the determination of B. P. T. For example me of our plants 
proposes to convert from wet to dry dust collection which will reduce raw 
waste loading. The contractor was shown the pilot installation and par¬ 
ticularly the natural gas heater required to raise tin- temperature of the 
moisture saturated dust laden gas stream sufficiently to prevent blinding 
or bags. This natural gas requirement - which has subsequently raised 
serious questions re: project viability - was not mentioned, although con¬ 
version to hag collectors was recommended as B. P. T. l.ikewisc, our 
experience with IDO., and phosphine fuming from ponds where phossy 
water is treated with lime was not mentioned. 
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* Sect. V, Page 66 
4 Sect. IX, Page 126 


r> Sect. IN, Pape HI 
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• rcntov.il vi.i lime precipil *lion/vacuum 
v/« v. < i <• "kit kcd out" oi sanitary ! "ldfills 
is. 1 wusti: is over the frequently adopted S 0 % 

1 *'jim 11 y, it i ob-u-u : .<ru m discharge docs not represent the 

"range of e.-.i • > . 1 ... 1 . . ;■ >r the vnlions sixes, ages and processes". 

Not one pla.: ; i. ;u:i ■ ..< ro in th'* phosphorus derivatives group (P^Oq, 

^ J Z‘*r>> O' :i >) . .• ! o pmre:.:, discharge technology for calcium 

phosphates J .. -oi : r " aynthes’/.cd" by assuming that five distinct pro- 

f naa change . umlem. . i ..ted f: •" this process, will work (dry dust 
collection ot . yev oti-gas, lime precipitation of calcium phosphates, 
vacuum fills, ion, polymeric flocculation and recycle of resulting effluents 
back to a feud grads: process).^ Monsanto has tried parts of this assemblage 
and encountered formidable difficulties not yet overcome. 

Monsanto has provided substantial input to, and participated in four bearings 
of the Effluent Standards and Water Quality Information Advisory Committee 
(ESWQIAC). This committee has consistently pushed industry to put its best 
technical foot forward, and have also exhibited a high degree of scientific 
competence in both treatment technology and water quality criteria. Con¬ 
currently, however, they have agreed that the program of work between now 
and 1977 should not be to penalize those who have already, in good faith, 
installed adequate treatment, but to provide requirements to insure that those 
witli little or no abatement correct gross, untreated discharges on a timely 
basis. 

This committee submitted comments on the contractors draft dated August 31 
which stated that "the guideline of zero discharge. . . for the three segments is 
not DPT and it should not be the Level 1 guideline". ^ Further, numerical 
values are proposed for the significant wastes from the industry (P, PO 4 , F, 
and T. S. S. ) which, while requiring some expenditures for the exemplary 
plants which utilize end point treatment rather than total recycle, are deemed 
reasonable by our Company as well as those represented by the MCA Task 
Group. Monsanto strongly urges adoption of these values as .Level I 
technology: 


Oi >r e:.periem • i Jh j ! 
fiI i 1 .if ion (I M r . 1 (■:>(») \ . 
bet .111 :.e the 1 e:.e ! 1 hip. 
moistore 1 iinT wa s n> • 


v PO,, (as P) 
F 

T. S. S. 


0. 2 - 0. 4 lb/ton 
0. 2 - 0. 3 lb/ton 
0. 5 - 1.0 lb /ton 


Elemental P 

6 Table IK, Page 109, Sect. VIII. 
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Sect. IX, Page 134. 

KSWQIAC Final Report to Administrator, 
Phosphate M anu!ncturnip l.ftluent htnndni 


U. S. KPA re; 
do, l?/31/73. 
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]V. Zcrii disi barge standards are incompatible with proposed 10 C l' R 128 
pre t rea t ment s tanda rd s. 

Aside I'rnni (lie* iiu' onsistene ie .-•> pointed out earlier vo: establishing a aero 
discharge pr et real ment limit on dissolved sol .Is and allowin'; 30 and t. >0 ppm 
respectively of FO.j and T.S.S. , Monsanto contends that, any pr.-t renlnicnt 
requirI'nicnl for PO.j, suspended solids and dissolved solids is inappropriate. 

The MPA guidelines entitled "Pre-treatment of Discharges to Publicly Owned 
Treatment Works" (197 3 5i(.-30'l/30 1-3) states in Table D 2 1 • 2, Pa-;.' H-17-U, 
that no pretreatment is recommended for STPP! Ibis total inconsistency 
(total recycle vs. no treatment) is very disconcerting. Four of our five 
phosphoric acid/phosphate salts pi." its presently participate in municipal 
systems. Suspended solids arc, of course, removed in municipal biological 
treat ment. 

Dissolved solids are of no environmental significance nor is practicable 
treatment technology available. Phosphate removal, per KPA policy, is 
best practiced at the municipal level and only in those cases where eutrophication 
problems justify such removal. 

In short, no argument is made for any pretreatment, much less total recycle! 
Pretreatment standards which would prohibit continued or future industrial 
participation in joint treatment would clearly be contrary to the intent of 
Congress. 

V. Economic data which is offered to support zero discharge is understated by 
at much a s r> factor of twenty. 

The validity of Supplement A of the G. T. C. report (Cost Data) is in our opinion, 
so questionable as to void the conclusions of the A. D. Little Economic Impact 
Study. N V , " 

For example, no investment or operating cost is reflected for the entile 
STPP segment! As slated earlier, none of Monsanto's five facilities have 
achieved /.ero process discharge (although two discharge only to municipal 
systems, i. e. - not to navigable waters). The MCA 'l.isk Group estimates 
that only two of the 1 r >-17 U. S. plants have eliminated process discharges. 

To assume, in such a highly competitive commodity, that the investment 
required to convert to total recycle would be cost savings justified is 
unrealistic. For example, our Trenton, Michigan complex loses less than 
$100 worth of product per day which would justify no more than a $75,000 
investment (based on 10 year depreciation, 20% OSt M and 10‘,-i minimum aftei 
tax return on investment) if 1 00of the loss were recoverable! While we 
don't know how to achieve total recycle for this multi-product, food-grade 
plant, we eonservatively estimate the cost of the contractor s rationale .it 
tcn times that justified above. 











For lim.sl a] 1 of the products cover,.,I, sewer s< pnration non r„,ta, . vs. 

P J or <•; ..) Ijni, t;., n( ( im jfjoci Ul.ition, va, non, filtration of uud«rll,,w, 

J. ml ill of si mil',', settling ponds with polymeric addition to rJarify overflow 

i,nf r ‘‘ t ychn " f ,rili ‘ i0s ' • : 1’nes) are stipulat, ,1. Supph met "A" 

estimates the cost oi such facilities ;t $0 (STP1 1 ) to $S0, 0 C 0 (P.,Sr ) for the 

representativ,. plants. Monsanto gave the rout rector actual cost del., for 
n. J hut the polymer midi Con. recycle facilities ..ml sewer separation and 

Hu- tola! wa, 700.000 1 9m dollars. Today's cos. for the total system would 
pronably be from 1 . 5 to *d. () M! Why this actual cost data, which v •• 
furmshml the contractor and is included in the public record in Sur.plcm.ent B 
was not reilected is inexplicable. 

7' h 

A final example. The cost of converting phosphorus Plant 028 to total recycle 

18 CStlrnaU ‘ d at 000 based on pumping the plant's effluent 1,000 yds. to 

the plant's intake! Such a simplistic approach borders on the ridiculous 
Our estimate for converting the three process systems employing end point 
treatment (slag quenching, raw matei ial dust collection and coke handling 
dust collection) to total recycle is $2.4M 9, although the tt?chnol assumed 

in the estimate is undemonstrated. This expenditure would improve the following 
treatment efficiencies to 100 %: 15 


TSS 

99. 97% 


TDS 

99. 98% 

See Note 9 for Source 

F 

99. 98% 


po 4 

99. 6% 


P (elemental) 

100 % 



Analysis of river water above and below this plant show no detectable 
in, i,a >, of tin ..< parameters -i. e. - no water quality improvement will 
occui to justify the abatement expenditure. 


It should be pointed out that this plant is recognised as exemplary and its 
cost of meeting total process recycle would probably be considerably less 
than typical for the other eight U. S. plants. 


Monsanto data transmittal to ESWQIAC dated July 28, 197 3. 
Monsanto data transmittal to ESWQIAC dated April 30, 197 3. 


10 






AIJ of this data was furnished 1C PA, KSWQIACi <ir tin* contractor - see 
rrfi'n-iu i' footnotes. 

1 he J*.< onoinic J 1111 >.ic t J\*■ pc»rt statos 11 J! actual costs to ac h i•-*v»* y,r ro tlischttr^c 
arc significantly higher than indicated in the effluent KuidHinc document, as 
a number c»f producers believe to be the case, sipnificaet eeotionijc impacts 
may he felt”. VV«- certainly concur, su^eslinp that the input data is low 
by factors of 5 to 20 and more in the case of the no cost estimate for t'.TPP. 
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RULES AND REGULATIONS 


filiSO 

Title 40—Protection of the Environment 

CHAPTER I—ENVIRONMENTAL 
PROTECTION AGENCY 

SUBCHAPTER N—EFFLUENT GUIDELINES AND 
S1ANUARDS 

PART 422—PHOSPHATE MANUFACTUR¬ 
ING POINT SOURCE CATEGORY 

Effluent Limitation Guidelines 

On September 7. 1973 notice was pub¬ 
lished In the Federal Register <38 FR 
244701, that the Environmental Protec¬ 
tion Agency (KPA or Agency • was pro¬ 
posing elTluent limitations guidelines for 
existing sources and standards of per¬ 
formance and pretreatment standards 
for new sources within the phosphorus 
producing, phosphorous consuming and 
phosphate suheategories of the phos¬ 
phate manufacturing category of point 
sources. The purpose of this notice is to 
establish final effluent limitations 
guidelines for existing sources and stand¬ 
ards of jierformancc and pretreatment 
standards for new sources in the phos¬ 
phate manufacturing category of point 
sources, by amending 40 CER Chapter I, 
Subchapter N, to add a new Part 422. 
This final rulemaking is promulgated 
pursuant to sections 301, 304 «b* and <ci, 
306 Cb) and <c> and 307<c> of the Fed¬ 
eral Water-Pollution Control Act. as 
amended, (the Act>: 33 U.S.C. 1251, 1311. 
1314 (b) and <c», 1316 <b> and <c> and 
1317(c) 86 Stat. 81G ct seq.: Pub. L. 92- 
500. Regulations regrading cooling water 
intake structures for all categories of 
point sources under section 316 < t>) of the 
Act will be promulgated in 40 CFR Part 
402. 

In addition, the EPA is simultaneously 
proposing a separate provision which ap¬ 
pears in the proposed rules section of the 
Federal Register, staling the applica¬ 
tion of the limitations and standards set 
forth below to users of publicly owned 
treatment works which are subject to 
pretreatment standards under section 
307(b) of the Act. The basis of that pro¬ 
posed regulation is set forth In the asso¬ 
ciated notice of proposed rulemaking. 

The legal basis, methodology and fac¬ 
tual conclusions which supiiort promul¬ 
gation of this regulation were set forth 
In substantial detail in the notice of pub¬ 
lic review procedures published Aueust 6. 
1973 (38 FR 21202 1 and in the notice of 
proposed rulemaking for the phosphate 
manufacturing category. In addition, the 
regulations ns projiosed were supported 
by two other documents: (H The docu¬ 
ment entitled "Development Document 
for Proposed Effluent Limitations Guide¬ 
lines and New Source Performance 
Standards for the PHOSPHOROUS 
DERIVED CHEMICALS Segment of the 
Phosphate Manufacturing Point Source 
Category" (August 1973> and <2i the 
document entitled "Economic Analysis 
of Proposed Effluent Guidelines. The In¬ 
dustrial Phosphate Industry” 'August 
1973>. Both of these documents were 
made available to the public and cir¬ 
culated to Interested persons at approx¬ 
imately the time of publication of the 
notice of proposed rulemaking. 

Interested persons were Invited to 


participate In the rulemaking by sub- 
nutting written comments within 30 days 
from the date of publication. Prior public 
participation in the form of solicited 
romments and responses from the States, 
Federal agencies, and oilier Interested 
parties were described in the preamble 
to the proiioscd regulation. The EPA has 
considered carefully all of the comments 
received and a discussion of Uicse com¬ 
ments with tlic Agency's response there¬ 
to follows. 

The regulation os promulgated con¬ 
tains some significant departures from x 
the proposed regulation. The following 
discussion outlines the reasons why these 
changes were made and why oilier sug¬ 
gested changes were not made. 

< a > Summary of comments. 

The following responded to the request 
for written comments contained in the 
preamble to the proposed regulation: 
Mobil Oil Corporation: FMC Corpora¬ 
tion: Manufacturing Chemists Associa¬ 
tion: Stauffer Chemical Company; 
Hooker Industrial Chemicals: University 
of Florida. Institute of Food and Agri¬ 
cultural Sciences: Pasalc Valley Sewer¬ 
age Commissioners: County Sanitation 
District of Los Angeles County: U.S. De¬ 
partment of Commerce; and Monsanto 
Industrial Chemicals Company. Each of 
the comments received was carefully re¬ 
viewed and analyzed. The following Is a 
summary of the significant comments 
and the Agency's response to those 
comments. 

(1) It was stated by several com- 
menters that a no discharge guideline 
legally could not be applied until 1985. 

EPA has determined that in the case 
of certain subcatcgorics of the phosphrte 
manufacturing category, either the best 
practicable control technology currently 
available or the best available technology 
economically achievable is the total re¬ 
circulation of process waste water. In 
section 101(a)(2) of the Act. Congress 
established as a national goal the elimi¬ 
nation of the discharge of pollutants into 
navigable waters by 1985. However, Con¬ 
gress also set requirements for tech¬ 
nology based standards in sections 301, 
304tb> and 308 which require the maxi¬ 
mum degree of reduction of pollutant 
discharges prior to 1985. which is con¬ 
sistent with the technical and economic 
factors to be taken into account under 
sections 304ib) and 30G or the Act (no¬ 
tably, standards arc to be set for 1977 and 
1983 compliance, but no regulations arc 
to be promulgated for 1985). The Agency 
will require the effluent reduction attain¬ 
able by the best practicable control tech¬ 
nology when establishing regulations 
under section 304ib) of the Act whether 
that reduction is to some degree of per¬ 
mitted discharge or down to no discharge. 

<2> It was commented that best prac¬ 
ticable control technology currently 
available should be based on a large num¬ 
ber of plants if not the entire Industry. 

The Agency defines best practicable 
control technology currently available to 
tic the average ol the best existing per¬ 
formance by plants of various sizes, nges 
and unit processes within each industrial 


entegory or subcategory. This nverage Is 
not based m>on a broad range of plants 
within nil industrial entegory or sub- 
category. but is based upon performance 
levels achieved by exemplary plants. In 
those industrial categories where present 
control and treatment practices arc uni¬ 
formly inadequate, a higher level of con¬ 
trol than any currently In place may be 
inquired if the technology to achieve such 
higher level can be practicably applied 
by July 1. 1977. Thus best practicable 
control technology currently available 
may be b:iscd on a few. one or no ex¬ 
emplary plants within that industrial 
category. 

<3> Several commcnters pointed out 
that runoff cannot be kept out of treat¬ 
ment ponds in some terrain and that a 
state of no discharge cannot be met dur¬ 
ing periods of heavy rainfall. 

Treatment i>onds can be built or modi¬ 
fied to minimize, if not eliminate, lntru 
sion of storm runoff originating outside 
of the pond retaining walls. Such ponds 
can nlso have sufficient free board as to 
retain rainfall. Those subcategories 
which employ treatment ponds are water 
consuming processes which can utilize 
the captured rainfall. Hence, there 
should be no need to discharge pond 
water. 

(4i It was mentioned that the recycle 
of process waste water for food grade 
calcium phosphates would cause the Food 
and Drug Administration (FDAi speci¬ 
fications for process water to be violated. 

Water is used In the manufacture of 
food grade calcium phosphates for rea¬ 
sons of transport or homogeneity, but 
not for purification. Hence the waste 
water contains the product, but nothing 
harmful to the product, which is what 
the FDA specifications are designed to 
protect. 

The problem of segregation of waste 
waters, water balances, and storm 
water runoff, however, arc sufficiently 
great that the industry will not be able 
to achieve total recycle by 1977 and yet 
meet FDA specifications. A discharge 
will therefore be allowed after suitable 
treatment as demonstrated in the De¬ 
velopment Document. 

1 51 It w as suggested that a limitation 
for dissolved solids be dropped for best 
practicable control technology currcr. !y 
available, since In the concentration 
range of the constituents involved, tech¬ 
nology to achieve the proposed degree of 
control does not exist. 

The limitation proposed was based on 
the raw waste load und was not intended 
to force treatment of dissolved solids. 
The limitation was intended to prohibit 
additional dissolved solids from oeuig 
discharged. However, due to variability 
in the process this limitation may re¬ 
quire such treatment. Therefore, the 
limitation on dissolved solids is replaced 
by limits on specific dissolved constitu¬ 
ents that arc considered to be ttie prin¬ 
cipal pollutants or characteristics to be 
controlled. 

(Gi It was suggested that the limits 
proposed by tlie Effluent Standards and 
Water Quality Information Advisory 
Committee lESWQIAC) for the phos- 
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phorus production subcatcgory be used. 

Tlic ESWQIAC limits include two 
additional phosphorus plants as ex¬ 
emplary. EPA hns since accepted these 
plants as exhibiting best practicable 
control teclinology and has allowed a 
discharge bnsed upon the dnta in the 
Development Document for the treat¬ 
ment capabilities of these plants. There¬ 
fore, although the Agency docs not agree 
with the underlying rationale for estab¬ 
lishing the ESWQIAC limits, the data 
hi the Development Document docs sup¬ 
port the specific limits proposed by 
ESWQIAC. 

< 7J It was requested that discharges 
to publicly owned treatment works be 
allowed. 

Pretreatment and discharge of waste 
waters to publicly owned treatment 
works from existing sources in the phos¬ 
phate category are covered in the pre- 
treatment guidelines that are proposed 
at the time this limitation is promul¬ 
gated. Comments relating to existing 
sources should be directed to that regu¬ 
lation. For new sources the Agency con¬ 
siders the process waste water constitu¬ 
ents from the phosphorus production 
and phosphorus consuming subcate¬ 
gories to be Incompatible with publicly 
owned treatment works, and tiiat the 
treatment technology that has been de¬ 
scribed in Section VII of the Develop¬ 
ment Document can achieve no discharge 
of process waste water pollutants to 
either navigable waters or to publicly 
owned treatment works. 

The principal process waste water pol¬ 
lutant lor the phosphate subcategory is 
phosphate, which cannot be adequately 
treated by primary or secondary treat¬ 
ment works. Phosphate, however, is con¬ 
sidered to be compatible with publicly 
owned treatment works designed, con¬ 
structed and operated to achieve optimal 
removal of dissolved phosphate, and a 
dischaige to sucli treatment works will 
be allowed. 

(8) Several commenters considered 
the capital costs of the model treatment 
systems to be underestimated and that 
the economic impact is understated. 

The Agency has recalculated, in Sec¬ 
tion VIII of the Development Document, 
the cost information on model treatment 
systems as the result of additional data 
submitted by industry. The calculated 
changes do not nffcct the conclusions of 
the economic analysis, since the percent¬ 
age increase in capital cost is not 
significant. 

(9) It was stated that some plants were 
Incorrectly cited as to whether they were 
achieving no discharge or not. 

Tlie necessary qualifiers were added to 
the descriptions in the Development 
Document of those plants that were dis¬ 
puted. The changes thnt were made in¬ 
volved treatment of certain portions of 
the process waste water and do not sub¬ 
stantially ailcct the overall conclusions 
of the Development Document. 

<10> The general comment was made 
that zero discharge cannot be achieved 
lor some products 

The Agency has reevaluated the data 


and is allowing a discharge for phos¬ 
phorus and food grade cnlcium phos¬ 
phates production for the 11)77 limita¬ 
tion lor me reasons given in comments 
14 1 nnd <6». The Agency believes the 
technology exists Ui .substantiate n no 
discharge of process waste water limita¬ 
tions for the remaining manufactuting 
processes. 

«11 > A range of values wrs rceom- 
niended rather than a single value for 
cacli parameter. 

The Agency considers tluu the limita¬ 
tions already represent ranges, taking 
into account differences in process, arc. 
sire and other factors. Subeategorization 
has been done to take these factors into 
account with different limitations for 
each subcategory. Within subcategories, 
exceptions lo the limitations have been 
made for certain manufacturing seg¬ 
ments or products, constituting a wider 
range. Each numerical limitation repre¬ 
sents a maximum average of daily values 
over a given period of time. This in effect 
represents a range from zero up to the 
specific limitation. A maximum varia¬ 
tion is also given for each maximum 
average limitation. The Agency considers 
ar. upper and lower limitation to be 
somewhat meaningless since tire actual 
ranee would be from zero to the upper 
limitation. Tims, in effect, the argument 
becomes one ol making the EPA limita¬ 
tions less severe, since it has been sug¬ 
gested that the EPA limitations should 
be the lower limits. The EPA limitations 
ere achievable nnd currently available. 

( 12 > One cominenter stated that there 
is no correlation of contractor validation 
data with data or conclusions contained 
in tlie Development Document. 

Data calculated from samples collected 
by the contractor were not primarily in¬ 
tended to form the basis of a limitation. 
The validation data w’as mainly used by 
the contractor to determine if existing 
data can be correctly used to establish 
limitations. Such a correlation does not 
appear in the Development Document, 
but the raw data may be reviewed at the 
EPA Information Center. Room 227. West 
Tower. Waterside Mall. Washington. 
D.C. Only the data that appears in the 
Development Document was used in 
formulating the effluent limitations. 

(13> It was stated that the evapora¬ 
tion of PCD and POCD process waste 
waters would require an excessive 
amount of energy. 

The 1983 limitations for the manufac¬ 
ture of PCD and POCD are no dis¬ 
charge of process waste water pollutants 
which can be accomplished by maximum 
waste water recycle and evaporation of 
the blowdown. The Agency bclieies that 
sufficient lime exists for each plant to be 
examined by tlie Industry in order to 
minimize water usage, maximize solar 
evaporation and tints minimize power 
usage. 

1 14 * It was |K>intcd out Unit percola¬ 
tion can occur from waste wnler ponds. 

Infiltration of )>niid water to ground 
water cannot be controlled by this reg¬ 
ulation. Possible problems have been 
pointed out in the preamble to tlie pro¬ 
posed regulation «38 FR 24470* and 


methods of correction have been sug¬ 
gested. 

M5> Tlie comment was made that no 
discharge of process waste water pollut¬ 
ants is an impractical limitation bis uu e 
the methods of analysis are not suf¬ 
ficiently sensitive. 

Where no discharge of process waste 
water pollutants is prescribed, model 
treatment systems are described in the 
Development Document In which no 
process waste waters are dt^rhaired. 
lienee no process waste waters pollutants. 
For the purpose of determining if process 
waste water pollutants hate contami¬ 
nated other allowable discharges, this 
limitation is considered to be the detect¬ 
able limit of the appropriate analytical 
method. 

< 16> It was suggested that no dis¬ 
charge of process waste water pollutants 
should mean no discharge that would 
degrade the quality of tlie receiving 
stream. 

The Act is quite specific in stating the 
difference between limitations based on 
treatment technology and limitations 
handled on a case by rase basis in order 
to insure that water quality standards 
are attained. The limitations promul¬ 
gated in this regulation are technology 
based and independent of water quality 
standards, as is the intent of tlie Act. 

<17> It was suggested that concen¬ 
trations tmg/1* should be used with in¬ 
stantaneous maximum values instead of 
production based limitations. 

Production based limitations such as 
kg of pollutant per kkg of product insure 
that dilution is not practiced. Daily 
maximum values are nlso promulgated. 

1 18* One commenter stated that 
phosphate limitations for the phosphate 
industry arc unduly restrictive when 
compared to phosphate limitations for 
publicly owned treatment works. 

Tlie Act establishes separate time 
tables for industrial and municipal 
sources. Limitations for phosphate dis¬ 
charges from publicly owned treatment 
works will be proposed ut a later dale. 
However, effluent guidelines for indus¬ 
trial sources are to be based on the best 
practicable, best available, and best dem¬ 
onstrated technologies for each separate 
category and separate economic consid¬ 
erations for each category 

(19) One company agreed with the 
proposed limitation for the manufacture 
of phosphoric acid, phosphorous trichlo¬ 
ride and phosphorous oxychloride. 

(20) Another company suggested that 
no discharge of process waste water pol- 
lutunts for the manufacture of phos¬ 
phorus. sodium tripolyphosphule and 
food grade calcium phosphate is the best 
available technology rather than the best 
practicable control technology. 

Tlie Agency has reviewed the data and 
agrees that a disrhnrge resulting from 
the manufacture of phosphorus and food 
grade calcium phosphate should be al¬ 
lowed for the 1977 limitations for tlie rea¬ 
sons listed in comments 14* and <C>. 
However no discharge of process »aste 
water pollutants still qualifies as best 
practicable control technology currently 
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Available for ilie manufacture of .-.cdiuin 
tri|K>lyi)hos|)hate. 

<b> Revision of the proposed regula¬ 
tion pi lor to promulgation. 

As n result of public romments and 
continuing review and evaluation of the 
proposed regulation by the FI’A. the fol¬ 
lowing changes have been made in the 
regulation. 

(1) Minor adjustments have been 
made to reflect the fact that nn increased 
number of definitions and analytical 
methods have been included In 40 CI'R 
401 and arc incorporated by reference In 
40 CFR 401 and are incorporated by 
reference in these subparts. 

<2» A discharge will be allowed for 
the 1977 limitation for the phosphorus 
production subcategory. This change was 
made in response to comments (2 >, iG', 
<10> and (20) in section (a) nbove. The 
limitation, arc b? d upon two plants 
that discharge process waste water from 
treatment facilities exhibiting exemplary 
performance. 

(3) The total dissolved solids limita¬ 
tions for tlie manufacture of phosphorus 
trichloride and phosphorus oxychloride 
have been replaced with limitations on 
specific dissolved species. Tills change 
was made in response to comment «5 * in 
suction ta> above. 

<4> A discharge will be allowed for 
the 1977 limitation for the manufacture 
of food grade calcium phosphate. The 
reasons for this change are listed in com¬ 
ments (4), (6> and (20> The limitations 
are based upon the volume of water used 
in the process and the technological 
usability of treating suspended solids 
and total phosphorus. 

(6) Section 304(b)(1)(B) of the Act 
provides for •'guidelines” to implement 
the uniform national standards of Sec¬ 
tion 301 1 b • 11) (A). Thus Congress recog¬ 
nized thnt some llexibility was necessary 
In order to take into account the com¬ 
plexity of the industrial world with re¬ 
spect to the practicability of pollution 
control technology. In conformity with 
the Congressional intent nnd in recog¬ 
nition of the possible failure of these 
regulations to account for nil factors 
bearing on the practicability of control 
technology, it was concluded thnt some 
provision was needed to authorize flex¬ 
ibility in the strict application of the 
limitations contained in the regulation 
where required by special circumstances 
applicable to individual dischargers. Ac¬ 
cordingly, a provision allowing flexibility 
in tlie application of the limitations rep¬ 
resenting best practicable control tech¬ 
nology currently available has been 
added to each subpart, to account for 
special circumstances that may not have 
been adequately accounted for when 
these regulations were developed. 

(c> Economic impact. 

Tlie changes that were made to the 
proposed regulations lor tlie phosphate 
category do not substantially alfcct tlie 
Initial economic analysis. These changes 
center about the feasibility of recycling 
treated process waste witter rather than 
different treatment systems. Additional 
cost data was received from Hie plios- 
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phate manufacturing Industry, nnd a 
careful review of the costs of alternate 
treatment technologies was performed. 
Appropriate upward changes to the cost 
estimates were made in Section VIII of 
tlie Development Document. These 
changes likewise do not a fleet tlie con¬ 
clusions of tlie economic impact study, 
since tlie cast increases are minimal. 

(d> Cost-be'icfltanalysis. 

Tlie detrimental effects of the con¬ 
stituents of v nste waters now discharged 
by point sources within the phosphorus 
production subcategory, phosphorus con¬ 
suming subcategory nnd the pliosphnte 
subentegory o! the phosphate manufac¬ 
turing point source category are dis¬ 
cussed in Section VI of tlie report en¬ 
titled "Development Document for Efflu¬ 
ent Limitations Guidelines for tlie 
PHOSPHORUS DERIVED CHEMICALS 
Manufacturing Segment of the Phos¬ 
phate Manufacturing Point Source Cate¬ 
gory" (February 1974). It Is not feasible 
to quantify in economic terms, particu¬ 
larly on a national basis, the costs re¬ 
sulting from tlie discharge of these pol¬ 
lutants to our Nation’s waterways. Nev¬ 
ertheless. as indicated in Section VI. the 
pollutants discharged have substantial 
and damaging impacts on the quality of 
water and therefore on its capacity to 
support healthy populations of wildlife, 
fish and other aquatic wildlife nr.d on its 
suitability for industrial, recreational 
and drinking water supply uses. 

The total cost of implementing the 
effluent limitations guidelines includes 
the direct capital and operating costs 
of the pollution control technology em¬ 
ployed to achieve compliance and the 
indirect economic and environmental 
costs ident ified in Section VIII and in the 
supplementary report entitled "Economic 
Analysis of Proposed Effluent Guidelines 
for tlie INDUSTRIAL PHOSPHATE IN¬ 
DUSTRY” (August 1973). Implementing 
the effluent limitations guidelines will 
substantially reduce the environmental 
harm which would otherwise be attrib¬ 
utable to the continued discharge of pol¬ 
luted waste waters from existing and 
newly constructed plants in the phos¬ 
phate manufacturing industry. The 
Agency believes that the benefits of thus 
reducing the pollutants discharged jus¬ 
tify the associated costs which, though 
substantial in absolute terms, represent 
a relatively small percentage of tlie total 
capital investment in the industry. 

ie) Publication of information on 
processes, procedures or operating meth¬ 
ods which result in the elimination or re¬ 
duction of tlie discharge of pollutants. 

Ill conformance with tnc requirements 
of section 304(c), a manual entitled. 
“Development Document for Effluent 
Limitations Guidelines nnd New Source 
Performance Standards for tlie- PHOS¬ 
PHORUS DERIVED CHEMICALS Seg¬ 
ment of tlie Pliosphnte Manufacturing 
Point Source Category." has been pub¬ 
lished and is available for purchase from 
tlie Government Printing Office, Wash¬ 
ington, D.C. 20401, tor a nominal fee. 

(f) Final rulemaking. 

In consideration of tlie foregoing, 40 


CFR Chapter I. Subchapter N Is hereby 
nmended by adding a new Part 422, Phos¬ 
phate Manufacturing Point Source Cate • 
gory, to rend as set forth below. Tilts 
final regulation is promulgated ns set 
forth below and shall be effective April 22. 
1974. 

Dated: January 31.1974. 

John Quari.es. 
Acting Administrator. 

Subpart A—Phosphoru* Production Subcategory 

See. 

422 10 Applicability; description of tlie 
phosphorus production subcalc- 
gory. 

422.11 Specialized definitions. 

422.12 Effluent limitations guidelines repre¬ 

senting the degree of effluent re¬ 
duction attainable by the appli¬ 
cation of the best practicable con¬ 
trol technology currently available. 

422.13 Effluent limitations guidelines rep¬ 

resenting the degree of effluent 
reduction attainable by the appli¬ 
cation of the best available tech¬ 
nology economically achievable. 

422.14 Reserved. 

422.15 Standards of performance for new 

sources. 

422.16 Pretreatment standards for new 

sources. 

Subpart B—Phosphorus Consuming Subcategory 

422 20 Applicability; description of the 
phosphorus consuming subcate¬ 
gory. 

422.21 Specialized definitions. 

422.22 Effluent limitations guidelines rep¬ 

resenting the degree of effluent 
reduction attainable by tlie appli¬ 
cation of the best practicable con¬ 
trol technology currently available. 
422 23 Effluent limitations guidelines rep¬ 
resenting the degree of effluent 
reduction attainable by the appli¬ 
cation of the best available tech¬ 
nology economically achievable. 

422 24 Reserved. 

422.25 Standards of performance for new 

sources. 

422.26 Pretieatmcnt standards for new 

sources. 

Subpart C—Phosphate Subcategory 

422.30 Applicability; description u.‘ the 

phosphate subcategory. 

422.31 Specialized definitions. 

422.32 Effluent limitations guidelines rep¬ 

resenting the degree of effluei i 
reduction attainable by the appli¬ 
cation of the best practicable con¬ 
trol technology currently avail¬ 
able. 

422 33 Effluent limitations guidelines repre¬ 
senting the degree of effluent re¬ 
duction attainable by the applica¬ 
tion of the best available tech¬ 
nology economically achievable. 

422.34 Reserved. 

422.35 Standards of performance for new 

sources. 

422 36 Pretrcatmrr.t standards for new 
sources. 

Subpart A— Phosphorus Production 
Subcategory 

§ 122.10 Applicability; description of 
the phosphorus production sub- 
category. 

Tlie provisions of tills subpart are ap¬ 
plicable to discharges of pollutants re- 
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suiting from the production of phos¬ 
phorus a:id ferrophosphorus by siiiclUng 
of phosphate ore. 

£ I 22 .lt S|>i « !::!!« d iliTniilinii*. 

FOr the purpose of this subparl: 

<a> Except as provided below. the gen¬ 
eral definitions, abbreviations and meth¬ 
ods of analysis set forth in 40 CFK 401 
shall apply to this subpart. 

§- 122.12 I.Illii.nl limilalion*. "oiili-linrs 
r.'prrni-iiling dir decree of eflliient 
n-duelion iillainalile by die appliea- 
lion of llir lie -1 praeliealile emilrol 
leelmology rorreulh available. 

In establishing the limitations set forth 
in this section. EPA took into account all 
information it was able to collect, develop 
and solicit with respect to factors isueh 
as age and size of plant, raw materials, 
manufacturing processes, products pro¬ 
duced, treatment technology available, 
energy requirements and costs) which 
can affect the Industry subcateeorization 
and effluent levels established. It is. how¬ 
ever, possible that data which would af¬ 
fect these limitations have not been 
available and, as a result, these limita¬ 
tions should be adjusted for certain 
plants in this industry. An Individual dis¬ 
charger or other interested person may 
submit evidence to the Regional Adminis¬ 
trator (or to the State, if the State has 
the authority to issue NPDES permits) 
that factors relating to the equipment or 
facilities involved, the process applied, or 
other such factors related to such dis¬ 
charger are fundamentally different from 
the factors considered in the establish¬ 
ment of the guidelines. On the basis of 
such evidence or other available informa¬ 
tion, the Regional Administrator (or* the 
State) will make a"written finding that 
such factors are or are not fundamen¬ 
tally different for that facility compared 
to those specified in the Development 
Document. If such fundamentally differ¬ 
ent factors are found to exist, the 
Regional Administrator or the State shall 
establish for the discharger effluent 
limitations in the NPDES permit either 
more or less stringent than the limita¬ 
tions established herein, to the extent 
dictated by such fundamentally different 
factors. Such limitations must be ap- 
r oved by the Administrator of the En¬ 
vironmental Protection Agency. The Ad¬ 
ministrator may approve or disapprove 
such limitations, specify other limita¬ 
tions, or Initiate proceedings to revise 
theso regulations. 

The following limitations establish the 
quantity or quality of pollutants or pol¬ 
lutant properties, controlled by this sec¬ 
tion, which may be discharged by a point 
source subject to the provisions of this 
subpart after application of the best 
practicable control technology currently 
available: 


KtllUrhl 1 1 Hilt .tillin' 

) llliN-ni A v.-rir.- nf ilnily 

iliiinn iiTi'iii Minimum for viilni-i fur an 
■mi I il iV rnii-i-i ullvi* iluvil 

vlnill mil rli-rril - 


T.-S. 

Tnliil i ihii'iilnini' 

riilmnli*_ 

rirllli-lll.ll |ilm.'- 

ii|iihiii«. 

pu 


Ml’)ill Hulls ill' VLf Ilf |i|-ntlltrt) 
l.i* ii. ;■ 

w> . 

III . H"| 

\n ilrtivliilili* i|tiauU(y. 

Within Hip nii* bU In 'HI. 


Knch'li ill ii I' (Hi i.ihwi 111 of |triHliii-i) 


T.'S . 

Till ill |iliii'|iliiitll-< 
Kliiurfilii... 

Kli’llll'llllll tiltiK. 

) ill ill II'. 


Ill 0.3 

.311 .13 

.III .It* 

No tli’livliilili’ l|llunlll) 


I'll. 


. w iiiiin iin- muni’ s.ii in n.o. 


§ 122.13 Kflliniit liiiiitulinti* guiit.'liiim 
reprcM'iiling I In- degree of effluent 
ri'iliirlion iill.iin.ililr by die applies- 
tiou of llie bot uvuiliiblii lech oology 
economically achievable. 

The following limitations establish the 
quantity or quality of pollutants or pol¬ 
lutant properties which may be dis¬ 
charged by a point source subject to the 
provisions of this subpart after applica¬ 
tion of the best available technology 
economically echicvable: there shall be 
no discharge of process waste water pol¬ 
lutants to navigable waters. 

§ -I 22 .lt | ltct.crvc. 1 ] 

§ 122.13 Standard* of performnnrr for 
new mm rccs. 

The following standards of per¬ 
formance establish the quantity or qual¬ 
ity of pollutants or pollutant properties 
which may be discharged by a new source 
subject to the provisions of this subpart: 
there shall be no discharge of process 
waste water pollutants to navigable 
waters. 

§ 422.16 Prcirminirnl standard* for 
new source*. 

The pretreatment standards under sec¬ 
tion 307(c) of the Act for a source within 
the phosphorus production subcategory, 
which Ls a user of a publicly owned treat¬ 
ment works (and which would be a new 
source subject to section 206 of the Act, 
if it were to discharge pollutants to the 
navigable waters), shall be the standard 
set forth In 40 CFR Part 128, except that, 
for the purpose of this section, 1 128.133 
of tills title shnll be amended to read as 
follows: 

“In Addition to the prohibitions set forth 
In 40 CFR 128.131, the prctreatmrnt stand¬ 
ard for Incompatible pollutants Introduced 
Into a publicly owned treatment works shnll 
be the stnndnrd of performance for new 
sources specified in 40 CFR 422.15: provided 
that, if the publicly owned treatment works 
which receives the pollutants ls committed. 
In Its NPDES permit, to remove a specified 
percentage of any Incompatible pollutant, the 


prelrrhtmcnt Maudlin! applicable to ii.scm of 
such treatment works shall, except m tlic 
ease of standards providing for no discharge 
of pollutants, be correspondingly reduced In 
stringency for that pollutant. " 

Subpart B—Phosphorus Consuming 
Subcategory 

§ 122.20 Vpplirahililv ; dc*rriplitin of 
llif plio'pliorii' coii'ii tiling miIi- 
. category. 

The provisions of this subparl are ap¬ 
plicable to discharges of pollutants 
resulting from the manufacture of phos¬ 
phoric acid, phosphorus pentoxktc. phos¬ 
phorus pcntasulfidc. phosphorus tri¬ 
chloride. and phosphorus oxychloride di¬ 
rectly from elemental phosphorus. The 
production of phosphorus trichloride and 
phosphorus oxychloride creates waste 
water pollutants not completely ame¬ 
nable to the procedures utilized for best 
practicable control technology currently 
available. The standards set for phos¬ 
phorus trichloride manufacture and 
phosphorus oxychloride manufacture, 
accordingly, must differ from the rest, of 
the subcategory at this level of treat¬ 
ment. 

§ 122.21 Specialized definition*. 

For the purpose of this subpart: 

(a i Except as provided below, the gen¬ 
eral definitions, abbreviations and meth¬ 
ods of analysis set forth in 40 CFR Part 
401 shall apply to this subpart. 

§ 122.22 Eflluenl limitation!, guideline*, 
representing the degree of eflluenl 
reduction allaiualile by llie applica¬ 
tion of llie bcM praeliealile control 
technology currently available. 

In establishing the limitations set forth 
ir. this section, EPA took, into account all 
information it was able to collect, develop 
and solicit with respect to factors (such 
as age and size of plant, raw materials, 
manufacturing processes, products pro¬ 
duced, treatment technology available, 
energy requirements and costs) which 
cun affect the industry subcategori/a- 
tlon and effluent levels established. 
It is, however, possible that data which 
would affect these limitations have 
not been available and. as a result, 
these limitations should be adjusted for 
certain plants In this industry. An indi¬ 
vidual discharger or other Interested per¬ 
son may submit evidence to the Regional 
Administrator (or to the State, if the 
State lias the authority to issue NPDES 
permits) that factors relating to the 
equipment or facilities involved, the 
process applied, or other such factors 
related to such discharger are funda¬ 
mentally different from the factors con 
sldercd in the establishment of the guide¬ 
lines. On the basis of such evidence or 
other available Information, the Regional 
Administrator (or the State) will make a 
written finding that such factors are or 
are not fundamentally different for that 
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facility compared to those specified in tlie 
Development Document. If such funda¬ 
mentally different farlors are found to 
exist, tile Kcidonal Administrator or the 
State shall establish for the discharger 
effluent limitations in the NPDES iH-rmit 
cither more or less stringent than the 
limitations established herein, to the ex¬ 
tent dictated by such fundamentally dif¬ 
ferent factors. Such limitations must be 
approved by the Administrator of the 
Environmental Protection Agency. The 
Administrator may npprovc or disap¬ 
prove suen limitations, specify other 
limitations, or initiate proceedings to re¬ 
vise these regulations. 

The following limitations establish the 
quantity or quality of pollutants or pol¬ 
lutant properties which may be dis¬ 
charged by a point source subject to the 
provisions of this subpart alter appli¬ 
cation of the best practicable control 
technology currently available: 

(a) There shall be no discharge of 
process waste water pollutants to navi¬ 
gable waters from the manufacture of 
phosphoric acid, phosphorus pentoxide, 
or phosphorus pentasulfidc. 

(b) The following limitations estab¬ 
lish the quantity or quality of pollutants 
or pollutant properties, controlled by tills 
paragraph, which may be discharged in 
process waste water from phosphorus 
trichloride manufacturing on the basis 
of production: 


Efllurnt limitation* 

EITliirnt AvcmRc of tlnlly 

rliurut trristic Maximum for v.ilurx for 30 

any I day coumh-uIIvo day* 
Pllilll not wrml - 


Metric unit* »kp kkc of product) 

TS8. 1.4 0.7 

Total pliospiioni*... 1.0 ■ * 

Arsenic. onoi .imr, 

Eicinrntal plios- N'o dctirloMe f|tmnlity. 
phonw. 

pi!. ..Within flic ranpc 6.0 to 0.0. 

■» English units (lit I .urn lit of product) 


. 1.4 0.7 

Tolul pliuspiioru*... 1.6 0. 6 

Arsei-ic. .MM ,MM 

Klnnenlal pitas- No detectable «|Uulillt,v. 
plionis. 

pll . Within the mnpe 6.0 to 0.0. 


(c> The following limitations estab¬ 
lish the quantity or quality of pollutants 
or pollutant properties, controlled by this 
paragraph, which may be discharged in 
process waste water from phosphorus 
oxychloride manufacturing on the basis 
of production: 


Kfllm'iit jmltalliMi* 

Kffliirnt Avrr.iiff of dally 

rhar.u laislic Maximum fur valur. for :si 

uuy I day rwm-llllvn ilavx 
shall not I'Xox-d — 


Metric tiidls (kii'UB id iuikIii. I) 


TM...0 3 AM 

Total |ilma|ihi»rus.. .31 .17 

|dl Wllliin llii* rauyr 3.0In a.O. 


Kitclli.lt units (|l. |.ith) Hi of |irn.fu<-tl 


T8S..a 0 3 AM 

'filial |ili(tS|iliurUS.. .31 .17 

|i 11___Wltldii lliy r-wiRe fi.O fuS.O. 


122.2.1 Mil.I Itniilution* fruitlrlines 
rcpri'M'iiling lit. 1 ili'iinT nf Hlliirnt 
rrilllrlinn Jltl.liiuilili- lit’ tin* n|i|ilii'jl- 
I••ill «tf llii- lir-l nxitiliiltlf Irclinoliigy 
<’i*oiiiiinir;ill> urliievalilr. 

The following limitations establish the 
quantity or quality of pollutants or pol¬ 
lutant properties whicli may be dis¬ 
charged by a ixiint source subject to the 
provisions of tills subpart after appli¬ 
cation of the best available technology 
economically achievable: there shall be 
no discharge to navigable waters of proc¬ 
ess waste water pollutants to resulting 
from the manufacture of phosphoric 
acid, phosphorus iientoxide. phosphorus 
pentasulfide, phosphorus trichloride or 
phosphorus oxychloride. 

§ 122.21 I Itmrrvrd I 

§ 122.21 Slanilnrtl*. of performance fur 
new source*. 

The following standards of perform¬ 
ance establish the quantity or quality of 
pollutants or pollutant properties which 
may be discharged by a new source sub¬ 
ject to the provisions of this subpart: 
There shall be no discharge of process 
waste water pollutants to navigable 
waters. 

§ 122.26 l-relrriiluienl Muiiilardx for 
new source*. 

The pretreatment standards under 
section 307<c> of the Act for a source 
within the phosphorus consuming sub¬ 
category. which is a user of a publicly 
owned treatment works (and which 
would be a new source subject to section 
306 of the Act, if It were to discharge 
pollutants to the navigable waters), 
shall be the standard set forth in 40 
CFR Part 128, except that, for the pur¬ 
pose of tliis section, « 128.133 of this 
title shall be amended to rend as fol¬ 
lows : 

"In addition to the prohibitions set forth 
In 40 CFR 128 131. (he pretrentment stand¬ 
ard for Incompatible pollutants introduced 
Into a publicly owned treatment works shall 
be the standard of performance for new 
sources specified In 40 CFR 422.25; provided 
that. If the publicly owned treatment works 
which receives the pollutants is committed. 
In its NPDES permit, to remove a specified 
percentage of any incompatible pollutant. 
Vie pretreatment standard applicable to 
users of such treatment works siinll, except 
In the ease of standards providing for no 
discharge of pollutants, be correspondingly 
reduced 111 stringency for that pollutant." 

Subpart C—Phosphate Subcategory 

§ 122.10 Appliraliililx; <lc*ct-iplHMi of 
lltr phosphate M.'.irulcgurt. 

The provisions of this subpart are ap¬ 
plicable to discharges of pollutants re¬ 
sulting from the manufacture of sodium 
tripolyphospliate. animal feed grade, cal¬ 
cium phosphate and human food grade 
calcium phosphate from phosphoric acid. 
The production of human food grade cal¬ 
cium phosphate creates waste water pol¬ 
lutants not completely amenable to the 
procedures utilized for best practicable 
control technology currently available. 
The standards set for human food grade 
calcium phosphates accordingly mast 


differ from the rest ol the subcategory 
at this level of treatment. 

£ 122.11 Specialized definition*. 

For the purpose of this subpnrt: 

(a) Except as provided below, the 
general definitions, abbreviations ami 
methods of analysis set forth in 40 CFR 
401 shall apply to this subpart. 

§ 122.12 Kllliiriit limitation* guideline* 
representing llie decree of effluent 
rediielicin ulliiiiinlile lit llie applica- 
lion aif llie hc*l |>nietiriilde eoiilrnl 
leelmiiliigy currently iixuilnlde. 

In establishing the limitations set forth 
In this section. EPA took into arcount a'l 
information it was able to collect, de¬ 
velop and solicit with respect to factors 
(such as age and size of plant, raw ma¬ 
terials, manufacturing processes, prod¬ 
ucts produced, treatment technology 
available, energy requirements and costs) 
which can affect the Industry subcate- 
gorization and effluent levels established. 
It is. however, possible that data which 
would affect these limitations have not 
been available and. as a result, these 
limitations should be adjusted for certain 
plants in this industry. An individual dis¬ 
charge or other interested person may 
submit evidence to the Regional Admin¬ 
istrator (or to the State, If the State has 
the authority to Issue NFDES permits) 
that factors relating to the equipment or 
facilities involved, the process applied, 
or other such factors related to such dis¬ 
charger are fundamentally different from 
the factors considered in the establish¬ 
ment of the guidelines. On the basis of 
such evidence or other available infor¬ 
mation. the Regional Administrator tor 
the State) will make a written finding 
that such factors are or are not funda¬ 
mentally different for that facility com¬ 
pared to those specified in the Develop¬ 
ment Document. If such fundamentally 
different factors are found to exist, the 
Regional Administrator or the State shall 
establish for the discharger effluent lim¬ 
itations in the NPDES permit either more 
or less stringent than the limitations es¬ 
tablished herein, to the extent dictated 
by such fundamentally different factors. 
Sucli limitations must be approved by the 
Administrator of the Environmental Pro¬ 
tection Agency. The Administrator may 
approve or disapprove such limitations, 
specify other limitations, or initiate pro¬ 
ceedings to revise these regulations. 

The following limitations establish the 
quantity or quality of pollutants or pol¬ 
lutant properties which may be dis¬ 
charged by a point source subject to the 
provisions of this subpart after applica¬ 
tion of the best practicable control tech¬ 
nology currently available: 

(a) There shall be no discharge of 
process waste water pollutants to naviga¬ 
ble waters from the manufacture of 
sodium tripolyphosphatc. or animal feed 
grade calcium phosphate. 

< b> The following limitations establish 
the quantity or quality of pollutants or 
IHilUitanl properties, controlled by tills 
paragraph, which may be discharged in 
process waste water Iron human food 
grade calcium phosphate manufacturing 
based on production: 
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Kfflurnt limitation* 

F.flhiettt 

characteristic 

Avenir* of dally 
Maximum for v.ilut for tot 

any 1 day mnsmittv* davt 

shall not exert'd 


Metric units (kg/kkff of product) 

TJMI. 0.12 am 

Total phosphorus... . Ml • *0 

pit.. Within the range C.O to 9.0. 


Knglish units (lh/1,000 lb of product 

T8S. 

Total phosphorus.. 

. 

. a 12 am 

. m .03 

. Within tlie range fl.0 to 9.0. 


g 422.33 Effluent limitation* guidelines 
representing lli<* drgree of diluent 
reduction attainable by the applica- 
lion of the l>ol available teclniology 
economically achievable. 

The following limitations establish the 
the quantity or quality ol pollutants or 
pollutant properties which may be dis¬ 
charged by a point source subject to the 
provisions of this subpart alter applica¬ 
tion of the best available technology 


economically achievable: There shall be 
no discharge to navigable wnters of 
process waste water pollutants resulting 
from the manufacture of sodium vripoly- 
phor.phatc, animal feed grade calcium 
phosphate, or human food grade calcium 
phosphate. 

§ 422.34 | Kcscrved 1 

§ 422.35 Standard* uf performance fur 
new source-. 

Tlie following standards of perform¬ 
ance establish the quantity or quality of 
pollutants or pollutant properties which 
may be discharged by a new source sub¬ 
ject to the provisions of this subpart: 
There shall be no discharge of process 
waste water pollutants to navigable 
waters. 

§ 422.36 I'rrlrrntmriil standards for 
new sourer*. 

The pretreatment standards under 
section 307(c) of the Act for a source 
within the phosphate subcategory, 
which Is a user of a publicly owned 
treatment works (and which would be 


a new source subject to section 306 of the 
Act. if It were to discharge pollutants to 
the navigable waters), shall be the 
standard set forth in 40 Cl lt Part 128. 
except that process waste waters from 
this subcalegory are not considered to 
be Incompatible with publicly owned 
treatment works designed, constructed 
and operated to remove dissolved phos¬ 
phate and. for flic purpose of thfs sec¬ 
tion. f 128.133 of this title shall be 
amended to read as follows: 

“In addition to the prohibitions act forth 
In 40CFR 128.131. the pretreatment standard 
for incompatible pollutants Introduced Into 
a publicly owned treatment works shall be 
the standard of performance for new sources 
specified In 40 CFR 422 35; provided that, if 
the publicly owned treatment works which 
receives the pollutants ts committed. In Its 
NPDES permit, to remove a specified per¬ 
centage of any Incompatible pollutant, the 
pretreatment standard applicable to users 
of such treatment works shall, except. In the 
case of standards providing for no discharge 
of pol'utants, be correspondingly reduced in 
stringency for that pollutant ” 

|FR Doc.74-3496 Filed 2-19-74:8:45 am| 
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PROPOSED RULES 


ENVIRONMENTAL PROTECTION 
AGENCY 

[ 40 CFR Part 4 22 ] 

APPLICATION Or EFFLUENT LIMITATIONS 
GUIDELINES FOR EXISTINC, SOURCES 
TO PRETREATMENT STANDARDS FOR 
. INCOMPATIBLE POLLUTANTS FOR THE 
PHOSPHATE MANUFACTURING POINT 
SOURCE CATEGORY 

Notice of Proposed Rulemaking 

Notice Is hereby given pursuant to 
sections 301. 30-1 and 307tb> of the Fed¬ 
eral Water Pollution Control Act. as 
amended (the Acl>; 33 U.S.C. 1251. 1311. 
1314 and 1317<hi; 86 Slat. 81G et r.eq.; 
Pub. L. 92-500. that the proposed regula¬ 
tion set forth below concerns the appli¬ 
cation of cflluent limitations guidelines 
for existing sources to pretreatment 
standards for incompatible pollutants. 
The proposal will amend 40 CPll Part 
422—Phosphate Manufacturing Point 
Source Category, establishing for each 
subcategory therein the extent of appli¬ 
cation of cfTluent limitations guidelines 
to existing sources which discharge to 
publicly owned treatment works. The 
regulation Is intended to be comple¬ 
mentary to the general regulation for 
pretreatment standards set forth at 40 
CFR Part 128. The general regulation 
was proposed July 19, 1973 (38 FR 
19230, and published in final form on 
November 8, 1973 (38 FR 30982>. 

The proposed regulation is also in¬ 
tended to supplement a final regulation 
being simultaneously promulgated by the 
Environmental Protection Agency <EPA 
or Agency) which provides effluent limi¬ 
tations guidelines for existing sources 
and standards of performance and pre- 
treatment standards for new sources 
within the phosphate production sub¬ 
category, the pho phorous consuming 
subeategory and tire phosphate subcate¬ 
gory of the phosphate manufacturing 
point source category. The latter regula¬ 
tion applies to the portion of a discharge 
which is directed to the navigable waters. 
The regulation proposed below applies 
to users of publicly owned treatment 
works which fall within the d«»*eriptlon 
of the point source category to which the 
guidelines and standards (40 CFR Pait 
422) promulgated simultaneously apply. 
However, the proposed regulation applies 
to the introduction of incompatible pol¬ 
lutants which are directed Into a publicly 
owned treatment works, rather than to 
discharges of pollutants to navigable 
waters. 

The general pretreatment standard 
divides pollutants discharged by users 
of publicly owned treatment works into 
two broad categories: ••Compatible" and 
“Incompatible." Compatible pollutants 
are generally not subject to pretreatment 
standards. (Sec 40 CFR 128.110 (Slate or 
local law) and 40 CFR 128.131 (Prohib¬ 
ited wastest for requirements which may 
be applicable to compatible pollutants). 
Incompatible pollutants arc subject to 
pretreatment standards as provided in 
40 CFR 128.133, which provides as 
follows: 


"III nddttlnn to tlir prohtliltIons set forth 
In Sedlim 12R.I3I, tup pretroaimeut Ktnudurd 
for ItirotnptiUhto polltiinnlu iiilroUiircd into 
n publicly owned Iri ntrni'iit work* liy n mnjor 
contributing Industry not subject to Section 
307(c) of ihe Act s'udl tic. for i urces within 
the corresponding Industrial o omincrclnl 
category, that cniiiblr.lird by u promulgated 
clUucul limitation* guidelines defining best 
practicable control technology currently 
available pursuant to Scrllous 301(b) and 
30lib> of Hie Act; provided that. If the 
publicly owned treatment works \ tch re¬ 
ceive* 1 tie pollutant* Is committed, III Its 
Nl’DPS permit, to remove a specified per¬ 
centage of any Incompatible pollutant, tho 
pretreatment sinndard applicable to users 
of such treatment wo-ks shall be correspond¬ 
ingly reduced fur that pollutant: Anti pro- 
tided further. That when the eillucnl limita¬ 
tions guidelines for each Industry Is promul¬ 
gated. a separate provision will be proposed 
concerning the application of such guide¬ 
lines ta prolrcatmcnt.” 

The regulation proposed below is in¬ 
tended to Implement tlint iiortion of 
5 128.133. above, requiring that a sepa¬ 
rate provision be made stating the appli¬ 
cation to pretreatment standards of 
elllucnt limitations guidelines based 
upon best practicable control technology 
currently available. 

Questions were raised during the public 
comment period on the proposed general 
pretreatment standard (40 CFR Part 
128) about the propriety of applying a 
standard based upon best practicable 
control technology currently available to 
all plants subject to pretreatment stand¬ 
ards. In general. EPA believes the analy¬ 
sis supporting the diluent limitations 
guidelines is adequate to make a deter¬ 
mination regarding the application of 
those standards to users of publicly 
owned treatment works. However, to en¬ 
sure that those standards are appro¬ 
priate in nil cases. FPA now seeks addi¬ 
tional comments focusing upon (he appli¬ 
cation of diluent limitations guidelines to 
users of publicly owned treatment works. 

, Sections 422.15, 422.25 and 422.35 of 
the proposed regulation for point 
sources within the phosphorus produc¬ 
tion subeategory, the phosphorus con¬ 
suming subeategory and the phosphate 
subeategory (September 7. 1973: 38 FR 
24470), contained the proposed pretreat¬ 
ment standard for new sources. The regu¬ 
lation promote* d simultaneously here¬ 
with contains 55 422.16, 422.2G and 422.36 
which state the applicability of stand¬ 
ards of performance for purposes of pre- 
treatment standard for new sources. 

A preliminary Development Document 
was made available to the public at ap¬ 
proximately the time of publication of 
the notice of proposed rulemaking and 
the filial Development Document !s now 
being published. The economic analysis 
report was made available at the time of 
proposal. Copies of the final Develop¬ 
ment Document and economic analysis 
report will continue to be maintained for 
inspection and copying during the com¬ 
ment period at the EPA Information 
Center. Room 227, West Tower. Water¬ 
side Mall. 401 M Street. SW.. Washing¬ 
ton. D.C. Copies will also be available for 
ins)>ccUon at EPA regional ollices and nt 


State water pollution control agency of¬ 
fices. Copies of the Development Docu¬ 
ment may be purchased from the Super¬ 
intendent of Documents. Government 
Printing Office, Washington. D.C. 20402. 
Copies of the economic analysis report 
will be available for purchase through 
the National Technical Information 
Service. Springfield. Virginia 22151. 

On June 14, 1973, the Agency pub¬ 
lished procedures designed to insure Hint, 
when certain major standards, regula¬ 
tions. and guidelines arc proposed, an 
explanation of their basis, purpose and 
environmental effects is made available 
to the public. )38 FR 15G53). The proce¬ 
dures are applicable to major standards, 
regulations and guidelines which are 
proposed on or after December 31. 1973. 
and which either prescribe national 
standaids of environmental quality or 
require national emission, cflluent or per¬ 
formance standards or limitations. 

The Agency determined to implement 
these procedures In order to Insure that 
the public was provided with background 
information to assist it in commenting 
on the merits of a proposed action. In 
brief, the procedures call for the Agency 
to make public the information available 
to It delineating the major environ¬ 
mental effects of a proposed action, to 
discuss the pertinent nonenvironmental 
factors affecting the decision, and to 
explain the viable options available to it 
and the reasons for the option selected. 

The procedures contemplate publica¬ 
tion of tills information In the Federal 
Recister, where this Is practicable. They 
provide, however, that where such pub¬ 
lication is impracticable because of the 
length of these materials, the material 
may be made available in an alternate 
format. 

The Development Document referred 
to above contains information available 
to the Agency concerning the major en¬ 
vironmental effects of the regulation 
proposed below. The information In¬ 
cludes: (1) The identification of pollut¬ 
ants present In waste waters resulting 
from the manufacture of phosphate, the 
characteristics of these pollutants, and 
the degtee of pollutant reduction obtain¬ 
able through implementation of the pro¬ 
posed standard; and (2) the anticipated 
effects on other asirects of the environ¬ 
ment (including stir, subsurface waters, 
soiid waste disposal and land use. and 
noise) of the treatment technologies 
available to meet the standard proposed. 

The Development Document and the 
economic analysis report referred to 
above also contain inforr: .atlon available 
to the Agency regarding the estimated 
cost nnd energy consumption implica¬ 
tions of those treatment technologies 
and the potential effects of those costs 
on the price and production of phos¬ 
phate. The two reports exceed, in the 
aggregate. 100 pages in length nnd con¬ 
tain a substantial number of charts, 
diagrams and tables. It Is clearly im¬ 
practicable to publish the mntcrlal con¬ 
tained in these documents In the Federal 
Register. To the extent possible, signifi¬ 
cant aspects of the material have been 
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Dr. Martha Suger 
Chairman, Effluent i-. In near<’s 
& V/nter Quality 

Information Advisory Comr-’U-e 
Environmental Protection /t|,'-'i r y 
Room 021, Crystal Mali-Bldg. ;"?• 

Washington, D. C. 60-i60 • 

Dear Djv Sager: 

t • 

Monsanto Company appreciates the opportunity to comment on the General 
Technologies Corporation draft contractors' report ("Davelopmc:.t Doc¬ 
ument for Effluent Civ i da lines and Standards of Performance for lie Non- 
Fcrtilizcr Phosphorus Chemicals Industry", dated dune, 1973). 




In tins discussion, I would first like to have you consider with me some ‘ 
very serious questions 1 have about the intent and methodology describee, 
in the. Development Document. Then, I would like to present se\ e.. 1 p* r ‘ - 
liminary recommendations of my own. 

Ques tion: Are the zero-disch ar ge limitations prcmrd urc?_A^thv;/J«;lr?. 
Are they based on fact? 

The report recommends zero discharge of process water for s:>: of eight 
products in the study. 

•• »v 

Is this premature? ]t certainly is, if you assume (as we do) that »<-ro dis¬ 
charge represents "best available technology". "Best available" is sought 
by 1983, according to Public Law 92-500. No mention of total elimination 
or zero discharge is made about 1977 performance. Tim same Act, m 'v 
8c:tion 301l> (1) and {?.), slates that total elimination of pollutants in a • 
discharge may be,required by 1983, il xhr. technology is availabk . The. 
Development Document's blanket requirement for zero discharge, to be 
achieved by 1977, must be considered as premature. 
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It will al-:o . 
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improve 
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. perali 
•- 5 £ic £ u 
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3 to achieve ro discharge will mean 
r, of very efficient end-point treatment, 
capital investment for a very insig n ificant 


We would ; . jrte th 
taken by An' r D. L 
however, tbr . . ot.rpi' 
the total ri • (no* ■ 
gated. Wc ' c und' 
0-$500M rir. t . Ck . 
of magnitud r.v. 


.. nion economic impact study (now being under- 
• h Co. ) would reflect this. It is our understanding, 
cost*, have been prescribed in Supplement "A" of 
' sed for comment), and is not to be further investi¬ 
ng that the cost estimates per plant are in the 
cd to ouj preliminary estimates, th is 1 a an order 


Are the zero d-sr.h; ' ■. 1 imitations technically realistic? V.'c have enough 

concern to s', least pc- the question. 


For example: 

Jn justifying :>-ro \ : c~ ■ . discharge for phosphorus manufacture, the 
rc port state: that it. anessee Valley Authority has achieved total re¬ 

cycle of process stv . i .3 other than phossy water. Wc have talked to TVA, 
and they tell us that t' - three process water streams (phossy water, 
precipitator dust sh ny, and kiln scrubber systems) jointly discharge to 
the Tennessee River. 

The justification for r.oro discharge for food-grade calcium phosphates 
is based on Monsanto's St. Louis ope ration. The report uses our raw- 
waste-load data, and then cuts the data in half (Lased on our p lans to 
convert from wet scrubbers to bag collectors). On top of that, however, 
is applied sodium phosphate removal technology from our Trenton, 

Michigan plant. From that, a 0. 5 ppm effluent (rather than the S0-100 ppm 

actual performance) is .established. Finally, the report introduces further 

♦ 
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undcwvm: f .r;tod technology by aoppo- jng • !*•: ' r: • M .« ' cuh . ?•: a 

from K1V»’:: :;»*:njcr < U phosphine •removal »> .1 • , o\d*' in 

(Mr. sire:-;:’. i !<«.* hy ; .:dUo::cal ‘ W vlt. .> .-<• » : • h 

to recyck i«.ie}; into i!i•:* food-grjo process, the J'asorm ni C 

Speaking from ft very extensive vnanufeckr. mg hack;?;•'*■»*...5, wc r.» i.'on :.:. 1 nto 
know th.;l lime pr'/cipitrilion of cr.lcium pko:,..!;at«/G )• iy quest: in:*bl<.. 

V/c know the resulting chemistry would create inr.uvm-.v:.table qua-ivy 
.problems. And v/c know that the cost of additional fillration, derr:in r.*l- 
izing, and sterilization necessary to rc-use the water would be enough 
to economically drown the operation. 

• * • 

Other questions about the feasibility of zero discharge by 1?77 aviso in 
connection with the unique problems of multi-product plants, food-grade 
operations, product mix restraints, and process variations such ab¬ 
solution feed vs., slurry feed. Imagine die technical nightmare of trying 
to recycle the right material to the right process when the same plant pro¬ 
duces several different products simultaneously, and at different tijr.es, and 
uses a multitude of raw materials showing up in the effluent stream. 

These considerations were not reflected in the report. 

Finally, no consideration was given to resultant air-qu?.lity or solid-vastc 
problems. These include P 2 O 5 and phosphine fumes from lime treatment 
and oxidation of phoscy water, and disposal of high-moisture content sludge 
resulting from phosphate removal. _ 

So to answer my own questions, I think the zero-process discharge recom¬ 
mendations are premature, unfair to "good-faith" manufacturers, and 
at least in.some instances, not technically realistic. They also do not 
consider the differences among plant opciations. They go far beyond tlio 
intent of Congress. 


Question: Are the prooosed pretroatment rcquircnricnts realistic, or 


desirable in all cases? ^ 

The report recommends prctveatrncnt standards which include total disV 
solved-solids limitations "the same as the applicable levels J, II, or 

111 Effluent Limitation Guidelines". In most cases, this would be zero! 

\ 

/ 

By thus requiring total recycle, this provision would eliminate any industrial 
participation in Public Treatment Systems! 
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proposed limits on icHi’ph*. ' oh; les also appear to be contradictory lo 
Uie report's own requirement o; aero total dissolved solids, art: to a-P.A s 
stance that phosphate and its rede as a nutrient should be considered a 
local problem, where across-the-board limits arc unwise and unnecessary. 

Question: What is a violat ion of a zero limitation? 

Frankly, I can’t answer this question, based on the report. There is no 
recognition of the variability of incoming water or of the limits of pres¬ 
cribed analytical techniques. 

4 * 

Question: Is there to he: no allow able discharcc of well water? 

Apparently not, in most cases. .On Page IX-8, it states that "Plant l.-'V- 
intakes ground water r-.nd discharges into surface water so^that its res¬ 
ponsibility is the gross amount of constituent quantities". This cc-u lo 
mean that for a plant, with a aero-process-discharge guideline,, there . 
ic to be no discharge of any well water into a surface stream. Inis 
requirement is not justified in the report, and is not consistent v. i.h 
IX-2-2. 0, which allows discharge of non-contact cooling water. 

Ill addition, such a requirement would actually cause deterioration in 
surface water quality (in Plant 1S9 and other cases wherewell quality • ■ 

is superior to surface water). In cold-climate areas, it would cause 
severe operating'problems. And it would deprive downstream users of . 
accustomed and valuable water use rights, 

We therefore recommend, and have recommended many times before, 
that the discharge of well water be considered on a case-by-case basis;':, 
and that any requirement recognize the relative quality of the well water 
and the surface stream involved. 
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] would like to present some prcliaiiiv ry '.n.mend 1 <.■'■■■ her* : 

. That 1977 effluent limits bo c.-.iabljrK for clement. 3 pm v : ••-•.m plant:; 
which allow continued use of existing of ••cilvo, cl, :jc."v-«. i., n;-d u::pon- 
sivc writer quality,programs abort oi disch;.. g. . Limits oi 

1 lb/ion T. S. S. ; 10 lbs/ton T. 1). S. ; 0. 4 Ihs/ton ilimrido; 0. 'f> lbs / ton 
total phosphate «mu aero elemental phosphorus are. suggested. 

^ i 

. That food-grade and multi-product phosphate salts plants be* excluded 
from the proposed guidelines pending further study. 

. That pretreatinent guidelines address only incompatible pollutants. 

. That discharge of well water be governed on a net effluent quantity basis 
unless local water quality requirements require more rcslric live .limit¬ 
ation s. 

IN CONCLUSION: 


Monsanto has continually demonstrated its "good faith" in helping improve- 
its water effluents. Realistic standards will pose no undue economic, or 
technical obstacles to us. They will also prompt "logger3" to action. .. 
Unrealistic standards - as we feel the report presents - will produce in¬ 
numerable delays as they are debated, argued, discussed, thereby 
deferred. This benefits no one. . • ‘ • 

We strongly urge reconsideration of the points discussed above. We 
stand ready to work with EPA, the Advisory Committee, and/or J'P.Vs 
contractors to this end. More detailed page-by-page comments have 
been prepared and will be transmitted separately to EPA by August 1. 

Again, we appreciate the opportunity to participate in this.rule-n/aUing 
process. * | . 


M. L. Mullins 
M imager 

Environmental Protection 
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Monsanto 


MONSANTO INDUSTRIAL CHEMICALS CO. 

800 N Lindbergh Boulevard 
St. lours. Missouri 63166 
Phone: (314) 694 1000 

December 21, 1973 


Mr. Elwood Martin 

Effluent Guidelines Division 

U. S. Environmental Protection Agency 

Waterside Mall 

Washington, D. C. 20460 

Dear Woody: 

This is to confirm our discussions in your office on December 20 regard 
ing Monsanto cost data furnished EPA , General Technologies, Booz- 
Ailen Associates, A. D. Little, Roy Weston, and ESWQIA.C during the 
last 18 months. This was in response to criticism, expressed to the 
Department of Commerce, that Monsanto had not furnished useful cost 
data requested by EPA. 

The following points were expressed on behalf of Monsanto: 

1) Monsanto's policy regarding the guideline program has been 
one of total cooperation. To our knowledge, no information 
has ever been denied EPA. To the contrary, we have hosted 
nine plant visits, submitted extensive data, both directly to 
EPA and to its contractors, and testified on five occasions 
before ESWQIAC. For example, our review of the Phosphate 
and Inorganic Chemicals files in EPA's Public Information 
Offices indicates that no other single company has approached 
Monsanto's degree of participation. 

2) With specific regard to cost data relative to our Columbia, 

Tennessee and Trenton, Michigan plants, the data shown on 
Attachment A was submitted. In order to resolve the 
questions broached in our discussions, I have added explan¬ 
atory notes as required. 


1 


§ jnil ot Monsanto company 



Mr. Elwood Martin 


-2- 


Dec. 21. 1973 


3) The only inquiry we ever received regarding this data was your phone 
call a week ago requesting more detail on the Trenton lime treatment 
plant. A preliminary response was mailed to you the same day, and 
more was forwarded directly from the plant on December 19. As to 

the comment that the $700, 000 cost submitted to the contractor appeared 
to be an effort to "pull EPA's leg," I can only suggest that such a 
statement without having seen the facility is unfair and I would like to repeat 
my invitation for you to visit this location and judge for yourself. 

4) Monsanto encourages EPA to call or write us directly whenever any 
of our input presents any kind of a problem. The kind of inferences 
which were relayed to us by the Dept, of Commerce certainly got our 
attention, but I can assure you, resulted in transmittal of the same 
additional information a few days later than if we had been asked 
directly for the necessary clarification. 

I sincerely hope this information is of value as you make your final deliber¬ 
ations relative to the Phosphate Standards. We hope you will see fit to 
adopt guidelines - for phosphorus and food-grade phosphates in particular - 
which are more defendable than "zero". We feel such limits, by reflecting 
the exemplary plant variations, would avoid the probable delays of legal 
challenge, the technical pitfalls of "zero", and would provide industry with 
a basis for timely action to meet attainable permit conditions. 

Again, please feel free to call on us if we can help. 


Very truly yours, 



M. L. Mullins 
Manager 

Environmental Protection 


MLM:ms 

Enc. 

cc: Dr. John B. Cox - Dept, of Commerce 

Mr. Allen Cywin - Environmental Prot'n. 
Mr. Walter Hunt - " " 

Mr. D. B. Hosmer - Monsanto Co. 
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ATTACHMENT A 
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Trenton Lime Treatment Facility 


The following cost data was included as Attachment "H" of Bryan Sevey’s 
April 23, 1973 letter to General Technologies Corporation’s Lee McCandless 

following the April 5 plant visit. 


"The Effluent Treatment Plant operating costs are budgeted at 
$358,000 in 1973. This includes chemicals, labor, utilities, 
depreciation, filter cake disposal and other items. 

Capital investment for implementing Monsanto's Pollution 
Abatement Program was for: 


Chemical and Cooling W ater Sewer Separations 
Recycling in the Spray Tower 
The Effluent Treatment Plant 


$165,000 
40,000 
700,000* 


$905,000** 


* Part of the effluent treatment facilities were 
constructed using used or existing facilities 
and this figure represents, in part, an estimate 
of the true value of these facilities. 


** This figure represents 1968 and 1969 dollars. 


the 


Added Comments 

' ^ 

As was indicated, the $700,000 figure represents an estimate of the 
present cost of the phosphate removal (lime treatment) plant. The 
actual cost to Monsanto in 1968-69 dollars was $397,000 - however, 
building, utilities, roads, settling ponds and some equipment were 
existinc. The plant advises that because the construction was done by 
the plant, using substantial existing and used equioment, very little break¬ 
down of project costs was done, except that the ^ eact ; on p ° rtl ° n 
supply, reactors, agitators and instrumentation) cost $126. 00° an 
dewatering (thickener, vacuum filtration and ponds) cost $271,000. 

The contractor was also aware that the treatment faciUty. while serving 
only phosphate salt processes (8% Ammonium and 92 /, sodium), dad not 
specifically serve sodium-tripoly phosphate. STP typically represent 
50% of the 400 tons per day average phosphate salts production of t e 
plant. We told the contractor that if differences in treatability exist be- 
tween the various phosphates, we have not quantified them, and would design 
,h. p"ant th. same way i t it waa to handle 100 ton./day of STP (or food-grad. 



calcium phosphate). To adjust the estimate to reflect - for example - a 
250 TPD calcium phosphate facility, one could factor by the 0. 6 power 
as follows: 

( 250 \°* 6 x $700,000 = $528,000 1968-69 Dollars 

400 ) 

One should probably also escallate approximately 10% for 1971 dollars 
(EPA's base) or better yet 30% to reflect 1975 dollars (which is probably 
about when compliance capital will be expended). 

An allowance should also be provided for sewer separation and flow _ 
reduction steps necessary to reduce hydraulic loading. I still think $1M is 
very probable! 

Columbia, Tennessee Phosphorus Plant 

This cost data was submitted to ESWQIAC on July 28, 1973. Since you 
apparently did not receive this input, I am attaching a copy. As indicated 
in Attachment "B", our estimate of the cost to achieve 'zero' for our 
Tennessee Phosphorus Plant is $2.4M. 

I believe the confusion which resulted here stemmed from interim guide¬ 
line discussions last year (Oct. '72) when we stated that total evaporation 
of slag quenching water by duplicating our Soda Springs process was not 
economically feasible in that Tennessee furnace elevation is inadequate. 

In the 7/28/73 estimate (which - although referenced in our 10/2/73 comments 
was apparently never forwarded to you by ESWQIAC), a different, alternative 
was reflected - i. e. - ladle handling of slag to a remote air cooled slag bed. 
This approach, while still quite expensive, appeared superior to total 
evaporation of quench water, in that fluorine emissions are reduced by 
air cooling. 
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MONCAiJTO IMOUSTHIAL CHEMICALS CO. 
000 H t,irdi>mjh C ojlovjrO 
S? toms. Missouri 53IC6 
Paon® (3'.4) G94-I000 « 


July 28, 1973 


Dr. Robert Grieves, Chairman 
Department oi' Chemical Engineering 
University of Kentucky 
Lexington, Kentucky 40500 


Dear Sir: 

This letter is in response to your request for more specific information 
re: Non-Fertilizer Phosphate Chemical Eifluent Guidelines. 

A brief summary of our comments and recommendations is offered below. 

In addition, Attachment A describes in detail the waste water practice of 
our Columbia, Tennessee plant (028 in the report). In that^this is also tne 
"representative plant" discussed in the Supplement A Cost Estimate, wc have 
included our zero discharge cost estimate as attachment B. Cur oetailed 
critique of the contractor's report is Attachment C. Finally, Attainment D 
is the Columbia Plant portion of the voluminous Monsanto submission to tne 
LS”.VQL->C Purdue University Workshop on Inorganic Chemicals on Apn 
(prior to the Non-Fertilizer Phosphates being "split out"). 

Summary 

The contractor recommends zero dis charge guidelines foi 6 of the 8 p* ° 
ducts covered. We can't argue that total recycle is probably a teenmea 
reality for some of these products. We submit, however, that it was not 
the intent of Congress to require existing plants with effective water quality 
control programs (short of zero discharge) to convert to total recycio ny 
1977. Taking another approach. I'.P. T. was to be representative m me 
exemplary plants for each product - not the one best (ex: paospnorus) ot 
a hypothetical composite of technology (ex: food-gic.de calcium piospn 

* 

y.K-.ro discharge guidelines for some products appear clear.y reason.uiK 
specifically, for phosphoric acid and detergent grade sodium tripolypnosph..!,- 
iiii long as these are single product, non-food-grade plants, ^complexities 
v,:' multi-product and/or food-grace plants warrant tuithu ^ 

believe, will result in guidelines which a.low enu-point tre.itnu-n (u . 

a ® * VIC* iU j « 
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Dr. Robert B. Grieves 


- 2 - 


July 28, 1973 


The contractor's pretreatmcnt requirements of zero dissolved solids 
(for products with zero process discharge Level I direct discharge limits), 

250 ppm suspended solids and 30 ppm PC.' are unreasonable and contrary 
to the Act's intent of encouraging joint treatment. 

Holding those discharging weil-w;.t<-r responsible for the gross content 
would prohibit non-contact coolin: water of higher quality than the receiving 
stream. This approach will have a serious impact on plants designed around 
cold, once-thru cooling water, on plants in areas subject to very cold Winters 
where total recycle involves special problems, and in areas where these 
discharges are a valuable commodity (see letter - Attachment "E" from 
Idaho resident who holds the first downstream claim to our discharge). 

Recommendations : 

• Adopt zero process discharge guidelines^ for phosphoric acid and 

detergent grade STPP. Exclude multi-product and food-grade sodium 
and calcium phosphate plants pending further study - or, allow lime 
precipitation/vacuum filtration*' treatment to 0.25 #/ton PO^ and T. S. S. 
Allow effluents of 1:;/ton T.S.S. (5ppm), 0. <1; //ton fluoride and PO^ and 
zero elemental from phosphorus plants. These levels would allow 
continued operation of plrmts C2G and 159 which, according to the con¬ 
tractor's report chicve very high (97-99%~) removal". Attachment 
"A" data supports this position. As for the remaining products, we 
don't make P?.05; expect problems attaining level I for PCI 3 and POCI 3 
only re: elimination of Cr^ from utility blowdown streams ; and aren't 
convinced collection of P 2 S 5 casting fumes without an effluent is demon¬ 
strated. 


Limit pretreatment guidelines to pH, temperature, toxics, etc. (:e: 
delete T.S.S. , T. D. S. and phosphates) which are not incompatible with 
public treatment. 


Exclude T. D. S, from effluent guidelines due to questionable water 
quality significance and lack of practical control technology. This 
step was taken by EPA last Pali relative to the interim guidelines and 
is still appropriate. 


Delete "gross responsibility" approach to use of well-water. Water 
quality priority o\ ur effluent limitations will avoid such a decision lrom 
compromising the effectiveness 01 l. a ^ct. 


Exclude ore washing from t! 
recommendation. 


cope of these guidelines per contractor's 
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Dr. Robert D. Grieves 


July 28, 1973 


_ lnrdlin° Inorganic and Non- 

That*s about it. The M . C. A. L Committee Friday and conveyed 

Fertilizer Phosphates met w U ^ J tQ you next week. Please 

additional comments which a..- » * answer any questions 

don't hesitate to call me at 3i-,-o9-i-~° - xi 
or provide any additional information. 

Very truly yours, 




<7 



M. L. Mullins, Manager 
Environmental Protection 


cc: 


Dr. Martha Sager (9) 


Xotes*.. 

.. i. ... _,-. n d : scharce limits would be enforced 

A Sorne further definition re. ‘ ^ variations in source water aialy sis ^ 

is needed to cope witn ant-lyn ** ‘ ’ snills leaks, contaminated materia., 

•tc. .-or those <a... whet-c 

ana simii-r ox. C ia , ... . orocess is not possible, 

working these materials bac* *n.o uu. p* 

. vs- se‘trng oonds due to the greatly reduced 

“This method is recommence ns. sa.u.. g . 

property requiremenia. 


bcc: 


D. B. Hosmcr 
J. T. Garrett 
P. F. Cunningham 

J. E. Feltham 

G. DePag ter - Columbia 
W. Perdue - 

K. Lott - Soda Springs 

J. Reeve - " 
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Arthur D Little, Ii ■)C. ACORN PARK • CAMnROC.r MASSACHUSETTS OPMO • (017) 864-5770 


August 15, 1973 


Mr. John Savage 

Environmental Protection Agency 
Waterside Mall 
401 M Street, S.W. 

Room 3009 (Low Mall) 

Washington, D.C. 

Dear John: 

Enclosed is a brief memorandum outlining some preliminary comments of 
several producers with whom we have talked, concerning the GTC non¬ 
fertilizer phosphate guidelines. We have not actively solicited their 
comments, so probably will not be receiving much in addition to this. 


GCS/sl 

Enc. 


Very sincerely yours, 
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\ndi;m 


To: l-;i'A 


Cr.v: 75‘jO7 Hat*-*: August 14, 197) *’ a r.« : l 

i»r.l' I’d: III'!" •! rv ( or.'V'ii i ■; o:^ CYC \\y\ >: > . l.'V’lJi'* _ 

Simp!* :• *nt A, "» ".i .L'i-.fV'r'JJ. 1 ’" 

;■ Vaster^ in th- h mii i ' ;‘e ~ i'hs sn'.uno. 

Chvi.ii cal • Industt\" 


Fill . Jc<v fllg i'.IO List* CO!',. -Ills of so. il'.i) pJO<J".v I’i nilei* 
report and the draft tfupplement A prese.iiU.d by Gil.. 


. v i i.e .a i r. ■ d tin - dr-itt 


Producer A 

- Incorrect that the industry has in general the technical capability 
to achieve zero discharge. 

— Concerned about how they (GTC) treat water treatment chemicals. Ihe 
water de-ionizers are ‘regentrated with sulphuric acid and caustic soda. 
While the material goes out as a neutral solution, it is very concentrated 
with salts. 


Producer 1) 


Of the opinion that the only way zero discharge can be 
phosphates is by final evaporation. The real cost of 
is estimated to he. 2 to 3 times that estimated in the 


achieved i or the 
total evaporation 
base report of GTC. 


For the general range of 450 gallons per minute, estimates that the cost 
of evaporation to be at least $10.00 per thousand gallons as opposed to 


$5.50 - $6.00 per thousand gallons esti 
costs are. the principal reason. 


-r! Viv GTC. 


:1 


Commented that F.PA regulation ignored the pollution to underground water 
from unlined ponds or buried solids. 

In the case of STPP, have real questions about the practicality of using 
dry dust collectors with sodium jhosphates on humid days. The GTC costs 
make no provision for wash out of clogged filters which may be neoessa i y 
2 r 3 times per week. Such.washings generate too much water for return 
to process. • ’ . • ■ • ' . 

In t’ne case 6f' imhvdrods ''derivatives, question - the- feasibility 'oi • return i ng 
the water from the scrubbers to the scrubbing operation and thus continuing 
to concentrate. This can only be carried so far, and then scrubbing water 
must be bled off. Instead of taking sludge to land fill, it wili be neces¬ 
sary to move a slurry. In other words, the lime treatment and settling tanks 
wild not provide..! true sludge and evaporation is necessary. Mso cjue.it ietieo 
whether'anv cost lor h.tndl iujv of sludge are included in the c'o;t of GTC. 

• ‘ ‘ • 1539 
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i.l'A 


Caw: 75907 D.dc: August 1 , 1973 I’age: 2 
Subject: Inins 1 v ■:;! son (!TC Kennrl 


Producer C 


IV1 1 Yhnl ih’C costs in genera.I were 
had included only equipnvnt cost's, 
land acquisit ion, etc. For example 
process for calcium phornhattr., CM C 
costs. 'Jiicir ova csl imates were .in 


" t rerolv Iov:. Surmized thr:‘ OiC 
and had neglect cd erection co-! ••, 

, in one. line treatment' and tilt rat ion 
had estimated about $33,000 in capital 
the neighborhood of $700,000. 


Strongly questioned their recommendations for zero discharge. The technolog 
had definitely not been proven for a number of their plants. 


- They simply did not. know how to achieve zero discharge at the present tine 
for certain products. 





'.f- 
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Arthur D Little.Inc. talk -c a- fri-ai uasjammiau:.. ..*'»«»> 




August 3, 1973 


Mr.‘John Savage 

Lnvironrcontal Protect:itu. 'ey 
Waterside Mail 

401 M Street, S.W. 

Room 3009 (Low Mall) 

Washington, D.C. 


Dear John: 

I have enclosed with this letter a brief memorandum outlining •o-'O 
initial and informal reactions to the guidelines prepared :>y the L.C 
relating both to cost and technology. These reflect primarily our own 
engineers' comments. In contact with industry we have received a .a-: ..or 
of additional reactions. Some were highly critical while other, fi ^ 
that certain of the guideline proposals were reasonable and achieva>*e. 



Very sincerely your 



> 
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Cast* 7',00/ 


|)a,c: August 3, 19 >3 


I’aj.-c: j 


To: 


i:i»a 


I M irv.p l i o rpy. 


Subject: (j,,, 


u»r: '■•nton I ycUisujjij l^snluit c G uide! i no 


The cold weather encountered in the 
tnv.l i:h substanl in 1 problems Jr. the 
also lequire the use. of buried pipe 


area whore tho western pi.aits 
operation of settling ponds 
li'u J pumps-, o.l.c. 


arc located 
raid may 


Sella: v: poude Local . J in amof bin 
(•tlooant erod in Teiuv.-ii.ee and Florida, 
s'etljjng poivlr. during heavy rains. 


. it: i nfa 1 1 . as ' >r o>:a:: 

on id entail some runo 


from the 


Phosphoric Acid 


Ihere may be some problems assoc. la t ed with the disposal of the arsenic sludge. 
Phosphor as Pcntoxide 


Total recycle is probably not practicable, some purge will be needed 
since soluble impurities in water makeup and introduced with lime will 
eventually build up because of evaporation in scrubber. They will thus 
scale and plug equipment requiring a shutdown and washout. 


Pho sphor us Pen t asnlfide 

Total, recycle probably cannot be carried out or approached in present 
equipment. Thu su 1.fate-sul f ite-liine sysLcm. once concentrations build 
Up, requires special scrubbing and fluid handling techniques to keep 
the severe scaling under reasonable control. The problem in lime scrubbing 
of flue gas illustrates this point. 

Pho sphorus Cl or ides 



Tlu: calciu..\ 
melts nt 30 
will absorb 
effluent. 


c.hl or 
C and 
wa ter 


do can only be 
is hygroscopic 
and dissolve. 


concent i tec! to t ie hoxahydratc which 
to tlie degree the crystals (below 30 C) 
Thus, the evaporators will have a liquid 


ST Pi' 

Most plants make several types of condensed phosphtes in the same equipment 
.which complicates Liie simplified picLuie presented by.GTC. ; T.he products. 

’ arid grSdos 'of the'sane .product are'not interchangeable and equipment ' 
must he Washed out for product changes. • ' * ' 

Food tira de 1'ho spli i ; e.; 


Fioui 


aim. it r.//.’ 


It seems highlv 

on total rccyel 

Mutoriai>; will 
• * 1 * ' .’**'• * 

Ge«>rg,e C. 


ir.probable that product specifications can be maintained 
e since impurities entering with makeup water and the raw 
.uii J.d up # in. concent rat ion.. Some pur ( ,n .would-be- necessary 


i>W0 CIS O’ 


, * • . ...?«•/nV.** . K>.t .,..v 7.7^.. 
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To: LPA 


C'.v.r. i»yu 7 Date: August 3 


r*i:e: 


Subject: Comment :• on 1 ltd•.*»■;f i i ■ 1 1 P n>: nlia l e (’ni u < V .noa. 


to remove these from the mother liquor. 


Overall 


Til,, cost of equipment and treatment tee:.:. I ones proponed by |huivoi 
bee:, rov Loved. Out i -e.ie.w. no- induct:;.' »«;d ic..l • fe.al ihev :• iic.v 
many of "the coot figures presented are substantia] iy unilerstcil ec.. 

Tito steam costs seen very Jew ($.70 per thousand pounds), lltc cost of 
steam is likely to be at least $1.50 or note. 


f. ; ..•* • • 


/•.-/ •• *•’ •*. ’* *. *V. .n 

.• ;v>. ■» r ».*• • • • • t •• 
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ABSTRACT 


A study was made of the phosphate manufacturinq point source 
cateqory by the General Technoloqi.es Corporation lor tne 
Environmental Protection Aqency for the purpose of developing 
effluent limitations quidelines, Federal standards ot 
performance, and pretreatment standards for the industry, o 
implement Sections 304, 306 and 307 of the Federal Water 
Pollution Control Act Amendments of 1972. 

For the purpose of this study, the phosphate manufacturing 
industrv was defined as the manufacture of the tollowinq 
chemicals: Phosphorus (and by-product ferrophosphorus), 
phosphoric acid (dry process only), phosphorus oentoxide, 
phosphorus pentasulfide, phosphorus trichloride, phosphorus 
oxychloride, sodium tripolyphosphate and the calcium phosphates. 

Effluent limitations quidelines were developed as a result of 
this study, defininq the deqree of effluent reduction attainable 
throuqh the application of the best practicable control 
technoloqy currently available and the best available technoloqy 
economically achievable which must be achieved by existinq poinc 
sources by July 1, 1977, and July 1, 1983, respectively. The 
standards of performance for new sources were also defined. 

The best practicable control technoloqy currently available 
allows a discharqe after suitable treatment for the manufacture 
of phosphorus (and ferrophosphorus) , Dhosphorus tnchlorne, 
phosphorus oxychloride and food qrade calcium phosphate. The 
1977 limitations prohibit discharqe of process waste water 
pollutants for the manufacture of the remaininq chemicals. 

Application of the best available technology economically 
achievable and best demonstrated technoloqy would enable all the 
manufacturing operations for the three subcategories to achieve 
no discharqe of waste water pollutants. 
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SECTION I 
CONCLUSIONS 


For the purpose of establishing effluent limitations guidclines 

source 3 "category Ta™^ S^KTSKphSE! producticthe 
phosphorus consuming , and the phosphate subcategories. 

Phosphorus and phosphoric acid e(tutnacee 

^"phosphate synthesis. 7 It is aiso appropriate from a technical 

standpoint to include these chemicals in "is^stuay other 

in the inorganic che ”;rjal P° ln as pcl3 and P 205 were 

phosphorus consuming che ™^ Processes “that manufacture 

S£es f ° r as th ?ertiILen aS a^ re^a^d by the fertiliser 
manufacturing regulations. 

The Phosphorus-production subcategory of the industry is^charac- 

highly^deleterious r l d Jgacidic scrubber^and 

fluorides, “other ^ Ived^olids and suspended -lids.^Through 

a combination of in P roc ®®® . seament have achieved zero 

treatment, several plants within f h ^ h ?!^| nt ;t e?o discharge of 
discharge of phossy water, two [j achieved zero discharge 

S H any lllll^tTrTurT^ no'rml periods of rainfall. Plants now 
demonstrate abatement practice^ “-Iting^inJ^percent ^ 

?Staf%ec?cle of process water without any discharge has been 
demonstrated using the best practicable control technology. 

ter i2ed S ^by rU the°"absence SU of at direct" ^process^^waste^watert^the 

C afe miC e a ss S ent P ially ed d a r r y : ) bg-s^th^product^are 

readily hydrolyzed, water Jail^gases, Y for periodic cleaning of 
abatement scrubbing of ^ general washing of shipped 

rea r i0 " re? VeS ati 'resulting in acidic waste waters. In addition, 
containers, all resulting xi f rina t he ra w material, 

water is used in protecting ^ s ^ a ^^ r ^ g th ^efore a raw waste 

elemental phosphorus, and pho y ufacture Q f dry-process 

^osohoric^acif* (wherJ P in-?rocess control has been demonstrated 
? 0 0 lTillt zero discharge of"aqueous wastes, , tlhi. ^egment has 

not yet =bff ic-ent re^ucti^ technology is shown 

application, however, al y recycle of waste waters (and so 

by this study to permit total recycle^ p2s5 and to 

rc^eve SC ^he qe) neu? r ral h i e zat a i n on and"removal 5f“»o.' sol ^ 9 e 

before discharge for the manufacture of PC13 


1 
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I 


I 


latter two processes are more expensive but still economically 
achievable technologies and are available for treating the 
chlorides so as to achieve zero discharge. 

The phosphate segment of the industry, i.e. r the group of 
chemicals manufactured from phosphoric acid, is characterized by 
acids and by finely-divided solids in the raw aqueous wastes. 
Several plants have already achieved zero discharge by in-process 
controls and by end-of-process treatment; and this study shows 
how this segment may achieve zero discharge by applying currently 
available practicable technology. Outside contamination of the 
process waste water resulting from the manufacture of food grade 
calcium phosphate may prevent its reuse at existing plants, and a 
discharge after suitable treatment has been allowed. 

The general conclusion reached is that the industry has already 
solved its most serious raw waste problem; that is, the abatement 
of water pollution from phosphorus-producinq facilities. The 
remainder of the indust*-'. made up of much smaller-volume plants, 
has lagged behind in ei^uent reduction, but technology is avail¬ 
able to make the entire industry notable. 
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SECTION II 
RECOMMENDATIONS 


The recommended effluent limitations guidelines based on best 
practicable control technology currently available are no 
discharge of process waste water pollutants to navigable waters 
for the manufacture of the following chemicals: 


Phosphorus Consuming Subcategory 

Phosphoric Acid (Dry Process) 
Phosphorus Pentoxide 
Phosphorus Pentasulfide 
Phosphate Production Subcategory 
Sodium Tripolyphosphate 
Calcium Phosphates (Animal Feed Grade) 


The recommended effluent limitations for this technology for 

phosphorus (and ferrophosphorus) , phosphorous 

phosphorous oxychloride and food grade calcium phosphate are 

given in Table 1. 

The above guidelines aoply to the maximum average of daily values 
for any period of 30 consecutive days. The maximum for any one 
daj is twice the consecutive 30 day average value. The pH 
limitation must be met at all times. It is recommended that 
noncontact cooling water be allowed to be discharged. Effluent 
limitations for this waste stream are expected to be covered in 
future studies. For the purposes of this ^port, process water 
is defined as any water that comes into direct contact: with any 
raw material, intermediate product, by-product, or gas or liqui 
that has accumulated such constituents. 

The recommended effluent limitations guidelines based on best 
available technology economically achievable is no discharge 
process waste water pollutants for the manufacture of the 
following chemicals: 


Phosphorus consuming Subcategory 

Phosphorus (and Ferrophosphorus) 
Phosphorus consuming Subcategory 

Phosphoric Acid (Dry Process) 
Phosphorus Pentoxide 
Phosphorus Pentasulfide 
phosphorus Trichloride 
Phosphorus Oxychloride 
Phosohate Subcateqory 

Sodium Tripolyphosphate 
Calcium Phosphates (Food Grade) 

Calcium Phosphates (Animal Feed Grade) 
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The recommended new source performance standards are the same as 
the above recommended best available technology economically 
achievable. 


TABLE 1. 


Recommended Best Practicable Control Technology Currently 
Available for the Manufacture of Phosphorus (and Ferrophoshorus), 
Phosphorus Trichloride, Phosphorus Oxychloride and Food Grade 
Calcium Phosphate. (Process water) 

The recommended effluent limitations guidelines based on best 
practicable control technology currently available for process 
water for the manufacture of PC13 and P0C13 are: 


Average of daily values 
for thirty consecutive 
days shall not exceed 



Phosphorus 

and 

FerrophosDhorus 

Phosphorus 

Trichloride 

Phosphorus 

Oxychloride 

Food Grade 
Calcium 
PhosDhate 

Total Suspended 
Nonfilterable 
Solids kg/kkg 

0.5 

0.7 

0.15 

0.06 

Total Phosphorus 
kg/kkg 

0.15 

0.8 

0.17 

0.03 

Fluoride kg/kkg 
Arsenic kg/kkg 
pH 

0.05 

6.0-9.0 

0.00005 
6.0-9.0 

6.0-9.0 

6.0-9.0 
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SECTION III 
INTRODUCTION 


PURPOSE AND AUTHORITY 


, h , of J. he Act requires the achievement by not later 
than Sul? ( ll 1977? of elfluent limitations for point sources 
other thin publicly owned treatment works, which are based on the 
appUcat?Sn P of thereat practicable control technology currently 
available as defined by the Administrator pursuant to Section 
toSlb? of the Act! section 301(b) also requires the achievement 

."JS-a^sgsS2 

all pollutants, as determined in accordance " lth . relations 
issued by the Administrator pursuant to ^i b) b ? f new 

Act. Section 306 of the Act requires the control of 

sources of a standard of performance providing for the control 
the discharge of pollutants which reflects the greatest degree of 
eff luent^reduction which the Administrator ^termines^be 
achievable through the application of the bes 
demonstrated control technology, processes, operating m * t h° « 
other alternatives, including, where practicable, a standard 
permitting no discharge of pollutants. 

SEE" one <b year *5S SS 

measures and practices achievable including treatment 

forth effluent limitations guidelines P? rsu *"J *° 2ate?ory ) . 

of the Act for the phosphate manufacturing point source category. 

m 

. ■arc rif .. Act requires the Administrator, within one 
v«r a?ter a category of souses !? included in a list published 

in the Federal Register of January 16, 1973 (38 F.R. ' list 

constituted ^cement "of ^he" Admits t« tor • s intention to 

category. 
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SUMMARY OF DEVELOPMENT METHODS 


The Environmental Protection Agency has determined that a riq- 
orous approach including plant surveying and verification testino 
is necessary for the promulgation of effluent standards from 
industrial sources. A systematic approach to the achievement of 
the required guidelines and standards includes the following: 

(a) Categorization of the industry and determination of those 
industrial categories for which separate effluent limitations and 
standards need to be set; 

(b) Characterization of the waste loads resulting from discharge 
within industrial categories and subcategories; 

(c) Identification of the range of control and treatment 
technology within each industrial cateqory and subcategory: 

(d) Identification of those plants having the best practical 
technology currently available (notable plants); and 

(e) Generation of supporting verification data for the best 
practical technology including actual sampling of plant effluents 
by field teams. 

The culmination of these activities is the development of the 
guidelines and standards based on the best practicable current 
technology. 

This report describes the results obtained from application of 
the above approach to the phosphate manufacturing industry, 
defined for the purpose of this study as tne following list of 
products: 

Elemental Phosphorus and Ferrophosphorus 

Dry-Process Phosphoric Acid 

Phosphorus Pentoxide 

Phosphorus Pentasulfide 

Phosphorus Trichloride 

Phosphorus Oxychloride 

Sodium Tripolyphosphate 

Calcium Phosphates (Non-Fertilizer) 

The effluent limitations guidelines and standards of performance 
proposed herein were developed in the following manner. The 
point source category was first subcategorized for the purpose of 
determining whether separate limitations and standards are 
appropriate for different segments within a point source cate¬ 
gory. Such subcategorization was based on raw material used, 
product Droduced, manufacturing process employed, and other fac¬ 
tors. The raw waste characteristics for each subcateqory were 
then identified. This included an analysis of (1) the source and 
volume of water used in the process employed and the sources of 
waste and waste waters in the plant, and (2) the constituents 
(including thermal) of all waste waters including toxic consti¬ 
tuents which result in taste, odor, and color in water or aquatic 
organisms. The constituents of waste waters which should be sub¬ 
ject to effluent limitations guidelines and standards of perfor¬ 
mance were identified. 
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The full range of control and treatment technologies existinq 
within each subcateqory was identified. This included an iden¬ 
tification of each distinct control and treatment techno.oqy, 
including both in-plant and end-of-process technologies which are 
existent or capable of being designed for each subcategory. It 
also included an identification in terms of the number ol 
constituents (including thermal). The chemical, physical,,and 
biological characteristics of pollutants of the effluent level 
resulting from the application of each of the treatment an 
control technologies and the required implementation time were 
also identified. In addition, the non-water quality environmen¬ 
tal impact, such as the effects of the application of such tech¬ 
nologies on other pollution problems, including air, solid waste, 
noise and radiation, were also identified. The energy 
requirement of each of the control and treatment technologies was 
identified as well as the cost of the application of those 
technologies. 

The information as outlined above was then evaluated to determine 
what levels of technology constituted the best practicable 
control technology currently available, the "best availa le 
technology economically achievable” and the "best available 
demonstrated control technology, processes, operating methods, or 
other alternatives." In identifying the technologies, various 
factors were considered. These included the total cost of 
application of technology in relation to the effluent reduction 
benefits to be achieved from the application, the age o 
equipment and facilities involved, the process employed, the 
engineering aspects, process changes, non-water q uali y 

environmental impact (including energy requirements), and other 
factors. 

The data for identification and analysis were derived from a 
number of sources. These sources included EPA research infor- 
mation, published literature, previous EPA technical guidance for 
inorganic chemicals, alkali and chlorine industries, qualified 
technical consultation, and on-site visits and interviews at 
notable manufacturing plants throughout the United States. All 
references used in developing the guidelines for effluent 
limitations and standards of performance for new sources reported 
herein are included in Section XIII of this document. Five 
companies in the phosphate manufacturing industry were contacted. 
A breakdown of the data base is listed below: 
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Chemical 


N umber of Plants in Data Base 
Literature Inspected Sampled Permit Application 


P4 13 
H3P04 2 
P205~" 1 
P2S5 2 
PCI 3 2 
POC13 2 
Na5P30l_C 2 
Calcium Phosphates 

(Food Grade) 1 
(Feed Grade) 1 


♦Includes verification of plants 

In addition much information was 
the time of plant inspections 
discussions. 


2 * 2 
1 * 2 

1 1 

, 2 2 

' 2 2 

2 2 

1 * 1 

1 1 

1 1 


with no discharge. 

obtained from plant personnel at 
plant sampling, and company 


GENERAL DESCRIPTION OF THE INDUSTRY 


The industry covered by this document is the phosphate 
manufacturing point source category. It is more descriptively 
termed the nonfertilizer phosphorus industry. The following 
chemicals covered by SIC 2819 were studied: 


phosphorus 

ferrophosphorus 

phosphoric acid (dry process) 

phosphorus pentoxide 

phosphorus pentasulfide 

phoshporus trichloride 

phosphorus oxychloride 

sodium tripolyphosphate 

calcium phosphates (food grade) 

calcium phosphates (animal feed grade) 

Other phosphorus and phosphate chemicals are expected to be 

covered at a later time. 


The fl£w of materials in the phosphate manufacturing industry is 
depicted in Figure 1. This industry is almost entirely based on 
the production of elemental phosphorus from mined phosphate rock. 
The economics have dictated that the phosphorus production 
facilities be located at the sources of the raw material, which 
are in three areas in the United States: Tennessee, the Idaho- 
Montana area, and Florida. The key in-plant siting decision is 
the relative weights of phosphate rock, elemental phosphorus and 
phosphoric acid (about 10:1:4). Hence, the rock is processed 
close to the mine and the acid is produced close to its 
consumption point; the relatively low-weight elemental ohosphorus 
is almost universally the form shipped from place to place. 
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Ferrophosphorus, widely used in the metallurgical industries, is 
a direct by-product of the phosphorus production process, since 
most furnace-grade phosphate rock contains 2 to 6 percent iron 
oxide. 

Over 87 percent of the elemental phosphorus is used to manufac¬ 
ture high-grade phosphoric acid by the furnace or "dry" process 
as opposed to the wet process which coverts phosphate rock 
directly into phosphoric acid. This lower-grade wet process acid 
is almost exclusively used in the fertilizer industry and is 
separately discussed in that report. The remainder of the 
elemental phosphorus is either marketed directly or converted to 
chemicals such as phosphorus pentoxide, phosphorus pentasulr ido, 
phosphorus trichloride, and phosphorus oxychloride. These 
chemicals are chiefly used in synthesis in the organic chemicals 
industry. 

Much of the furnace-grade phosphoric acid is directly marketed, 
largely to the food industry and to the high-grade fertilizer 
industry. Phosphoric acid is also used to manufacture two basic 
classes of phosphates: water-soluble phosphates used in 
detergents and for water treatment, typified by sodium tripoly- 
phosDhate, and water-insoluble phosphates which are used in 
animal feeds and in foods, typified by the calcium phosphates. 

The processes involved in the non-fertilizer phosphorus chemicals 
industry are very briefly as follows: 

Elemental phosphorus and ferrophosphorus are manufactured by the 
reduction of phosphate rock by coke in very large electric 
furnaces, using silica as a flux. Very large quantities of water 
are circulated for cooling the very hot equipment, for cooling 
and granulating the slag, and for condensing the phosphorus vapor 
from the furnace. Since water is both non-reactive and 
immiscible with liquid phosphorus, water is used extensively in 
direct contact with phosphorus for heat transfer, for materials 
transfer, for protection from the atmosphere, and for pur¬ 
ification. This study is concerned with manufacturing operations 
subsequent to receiving washed phosphate ores at the phosphorus 
production facility. Ore benefication is commonly but not ex¬ 
clusively conducted at a separate off-site location. The huge 
waste load from benefication, 7500 kg of gangue per kkg of phos¬ 
phorus eventually produced, warrants a seoarate study as a seg¬ 
ment of the mining industry. 

Phosphoric acid manufactured by the "dry" or furnace process 
consists of the burning of liquid phosphorus in air, the sub¬ 
sequent quenching and hydrolysis of the P205 vapor, and the 
collection of the phosphoric acid mistsT ~The operation uses 
coolinq water, and process water is consumed in making the 
aqueous acid. Solid wastes may be generated should a plant later 
purify the acid. 
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The manufacture of the anhydrous phosphorus chemicals (P205, 
P2S 5, and PC13) is essentially by the direct union of phosphorus 
with the corresponding element. Phosphorus oxychloride, PC13^ is 
manufactured from TC13 and air or from PC13, P205, and chlorine. 
Water use is limited to cooling water, to water for transferring 
elemental phosphorus, to scrubber water, and to wash water for 
reaction vessels and shipping containers. 

Sodium tripolyphosphate is manufactured by the neutralization of 
phosphoric acid with the appropriate proportions of caustic soda 
and soda ash in mix tanks. The resulting mixture of mono- and 
di-sodium phosphates is dried and the crystals calcined to 
produce the tripolyphosphate. 

The calcium phosphates are similarly made by the neutralization 
of phosphoric acid with lime. The amount and type of lime used 
and the amount of water in the process determine whether anhy¬ 
drous monocalcium phosphate, monocalcium phosphate monohydrate, 
dicalcium phosphate dihydrate, or tricalcium phosphate is the 
final product. Table 2 lists production tonnages for these 
chemicals as reported by the U.S. Bureau of Census. As seen from 
this table the industry is relatively small in relation to 
numbers of plants. 

Table 3 lists the current selling prices of the chemicals within 
this industry. Table 4 lists the producers of phosphate 
products. 
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TABLE 2. U.S. Production of Phosphates 


Chemicals 

Metric Tons 

Short Tons 

Number 
of Plants 

Phosphorus 

495,000 

545,000 

10 

Ferrophosphorus 

110,000* 

121,000* 


Phosphoric Acid 

1,640,000** 

1,810,000** 

25 

(Furnace Process) 




Phosphorus Pentoxide 

(withheld) 

(withheld) 

(withheld) 

Phosphorus Pentasulfide 

54,000 

59,000 

5 

Phosphorus Trichloride 

50,000 

55,000 

4 

Phosphorus Oxychloride 

28,000 

31,000 

4 

Sodium Tripolyphosphate 

945,000 

1,040,000 

17 

Calcium Phosphates 

536,000 

592,000 

7 


♦Independently estimated. (2) 

♦♦Estimated as 87 percent Of phosphorus consumption, using 

90 percent conversion, and stated as acid of 54 percent P205. 
The total production of phosphoric acid both wet and dry was 
5,650,000 kkg (6,240,000 short tons). 
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TA3LE 3. Current Selling Prices of Phosphorus Chemicals 

Source: Chemical Marketing Reporter, June 25, 
1973 


r~ 

CHEMICAL 

GRADE 

SELLING PRICE l 

$/Metric Ton 

S/Short Ton 

White Phosphorus 


419 

330 

Phosphoric Acid (Furnace) 

75% Commercial & Feed 

164 

149 

- 1 

80% Conr’crcial & Feed 

176 

160 

85% National Formulary 

194 

176 

Phosphorus Pentoxide 


441 

400 

- 1 

' Phosphorus Pentasulfide 


299 

271 

Phosphorus Trichloride 

-- 

292 

265 

Phosphorus Oxychloride 


270 

24 5 

Sodium Tripolyphosphate 

i 

Technical 


162 

Food 


2*5 

Morocalcium Phosphate 

Anhydrous Food 

314 

285 

Dicalcium Phosphate 

t'.S.P Food 

286 

259 

Feed 

82 

74 

Tricalcium Phosphate 

NF Precip. 

315 

286 


13 
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Producers of Phosphate Product* 


Phosphorus Pentasulride 
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Farnl jrvd Industries 



process in this industry, 
generating the following 
been placed on process 
The details of the waste 
left for discussion in 


DETAILED PROCESS DESCRIPTIONS 

The following is a description of each 
Process flow diagrams are included. In 
process descriptions, emphasis has 
features which generate aqueous wastes, 
stream character, however, have been 
Section V. 

Much of the process data in this section were acquired by dis¬ 
cussions with industry personnel and by observation of existing 
facilities. A large body of data also exists in the published 
literature, and was used extensively in the following discussion. 
Of particular usefulness were the publications of | e ._. 

Hill: (4) Barber, (5,6) Barber and Farr; (7) LeMay and Metcalf (8) of 
The Tennessee Valley Authority, which supplied very specific 
operating details of TVA's facilities; Ellwood;(9) and Bryant, 
Holloway and Sllber(10) of the Mobil Chemical Company. Standard 
reference books such as Faith, Keyes and Clark,(11) Kirk an 
Othmer, (12) and Shreve, (13) were also useful. 

THE PHOSPHORUS PRODUCTION SEGMENT 

Phosphorus is manufactured by the reduction of mined phosphate 
rock by coke in an electric furnace, with silica used as a flux. 
Slaq. ferrophosphorus (from iron in the phosphate rock), and 
carbon monoxide Ire reaction by-products. The simplified overall 
reaction may be written: 

2Ca3 (P04) 2 ♦ 10 C ♦ 6Si02 1250 - 1500°C^ P4 ♦ 10 CO ♦ 6CaSi03. 

A typical material balance for the process is: 

Raw Material s Products 


Phosphate Rock 

Silica 

Coke 


Total 


10.0 kkg 
1.5 
1.5 


13.0 kkg 


Phosphorus 

Ferrophos phorus 

Slag 

Carbon Monoxide 
Total 


1.0 kkg 

0.3 

8.9 

2.8 

HII 


The electrical power consumption is approximately 15,400 
(14,000 KWH/ton) of phosphorus produced; part of this suppli 
the endothermic heat of reaction of 6,200 KWH/kkg of P4. 

The standard process, as pictured in Figure 2 , consists of three 
basic parts: phosphate rock preparation, smelting in the electric 
furnace, and recovery of phosphorus. 

Phosphate rock ores are first blended so that the furnace feed is 
of uniform composition. The silica composition is important 
since the overall furnace feed must have a Si02/Ca0 ratio close 


15 


1664 





BURN EXCESS CO 



FIGURE 2 

STANDARD PHOSPHORUS PROCESS FLOW DIAGRAM 




















to the eutectic composition for desired slag flow properties. 
The blended phosphate rock is carefully pretreated by drying, by 
agglomerating the particles, and by heat treatment. 

After the raw phosphate rock is dried, sizing or agglomeration is 
accomplished by pelletizing, briquetting, flaking, or 
"nodulizing," and pre-formed agglomerates are then calcined in a 
rotary 2 kiln. The nodulizing operation performs simultaneous 
agglomeration and calcining by heating the rock «tts incipient 
fusion point, with subsequent crushing, sizing, and recycling of 

lines filing promotes the even distribution of gas flow within 

lile lirnlle and P results in more efficient heat transfer and lov«r 
total energy costs. The size of the furnaces has dramatically 

inrrpflqpd in recent years, accentuating the needs for 

stoichiometric balance and thermal homogeneity ^ t ^". t 5*retses 
(or "burden"). Heat treatment or calcining of the feed increases 
the strength and hardness of the particles preventing large 
quantities of fines from being formed by attrition. 

The calcininq, at 1000 to 1400°C, also liberates water of hy¬ 
dration, organics, carbon dioxide, and fluorine at a ">J C J 
energy cost than would be required in the subsequent electric 
furnace operation. Since 25 percent of the manufacturing costs 
If IhllphUls are for electric power, considerable effort is made 
to Conserve this power. Moreover, by-proauct carbon monoxide 
from the smelting operation is available as a source of auxiliary 

energy. 

The sizing and calcining operations are sources of dust and of 
fluorine fumes. The dust may be electrostatically precipitat , 
and the gases are scrubbed with water, removing fluorine as HF 
and H2SiF6. The dry dusts collected are normally recyc 

;H Ul iliden° P |f a |il«ed phosphate rock, coke, and sand is charged 
to the furnace by incrementally adding weighed quantities of each 
of the three materials to a common belt conveyor. The furnace 
itself has a carbon crucible, carbon-lined steel sidewalls and a 
two-foot-thick self-supporting cast concrete roof. In an effort 
to eliminate periodic roof replacement due to excessive cracking 
of the concrete, some newer furnaces have anti-magnetic (to avoi 
lldlllill lilting, stainless steel roof structures. Penetrations 
. . t fin-nArp are for feed chutes, for carbon electrodes, for 

tip holes, for slaq (upper liquid layer), for ferrophosphorus 
(lower liquid layer), and for exhaust gases. 

Electric furnaces for phosphorus production have been dramati¬ 
cally increasing in size to achieve operating economies: 
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Year 

Size of Largest Furnace 

in Operation 

Megawatts 

kkq/Year 

Tons/Year 

1950 

25 

13,600 

15,000 

1960 

50 

27,200 

30,000 

1970 

65 

36,300 

40,000 


The smallest furnaces produce 9,100 kkq (10,000 tons) ot 
phosphorus per year. 

An appreciation of the physical size may be attained from the 
fact that the largest carbon electrodes used are 1.5 to 1.8 
meters (5 to 6 feet) in diameter and carry 50,000 amperes each. 

The furnace is extensively water-cooled. Cooling water is used 
for the electrical transformer, for the furnace shell, for the 
crucible bottom, for the fume hood, for the tapholes, and for 
electrode joints. Newer furnaces use telescoping water seals on 
furnace electrodes; and for TVA-type furnaces with rotating 
crucibles a water seal is provided between the crucible and the 
stationary roof. 

The 2 to 6 percent Fe203 in the furnace-grade phosphate rock is 
reduced, with the iron recovered as the ferrophosphorus alloy; 

Fe203 ♦ 3C—>2Fe ♦ 3CO 
8fe ♦ P4-r>4Fe2P 

The ferrophosphorus typically contains 59 percent iron and 22 
percent phosphorus and is marketed for the production of phos¬ 
phorus alloys. The vanadium content of ferrophosphorus adds to 
its value. Should the marketplace be favorable for ferrophos¬ 
phorus, iron slugs can be added to the furnace charge. Alter¬ 
nately, should a soft market for ferrophosphorus occur, the 
ferrophosphorus can be converted into high-grade metallurgical 
iron and fertilizer phosphates. An important degree of freedom 
is in the ore blending operation, where ores of appropriate iron 
content may be selected depending on the ferrophosphorus market. 

Slag and ferrophosphorus are tapped periodically. The air cooled 
ferrophosphorus is sold in lumps to the metallurgical industry; 
no water is involved either in ferrophosphorus cooling or in 
subsequent product preparation. 

The slag may typically contain 38 percent Si02 and 48 percent 
CaO, and also contain considerable quantities (depending of 
course on the ore composition) of A1203, CaF2, K20, and MgO, with 
traces of uranium and other heavy metals. The slag may be air¬ 
cooled, but water quenching is more typical. High-density slag 
is produced by adding water to molten slag in a pit, and by 
subsequently breaking it up and shipping aggregate for railroad 
bed or roadbed construction. Alternately, a high-velocity water 
stream may be used on the molten slag to produce a low density 
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expanded or qranulated slag which has a market in concrete 
formulation. In either event, some of the fluorides from the 
slag are captured by the quenching water, either as soluble 
fluorides or as suspended solids. 

There are numerous sources of fumes from the furnace operation. 
The feeding operation is a source of dust, and fumes are emitted 
from the electrode penetrations and from tapping. These fume , 
consisting of dust, phosphorus vapor (which is immediately 
oxidized to phosphorus pentoxide), and carbon monoxiae are o 
collected and scrubbed. 

The hot furnace gases, consisting of 90 percent CO and 
P4, pass through an electrostatic precipitator to remove the dust 
before phosphorus condensation. Unless this dust was removed, it 
would later be emulsified by liquid phosphorus and ? a * er ' ^ 
large amounts of "phosphorus mud" or sludge which wouxd 

difficult and costly to handle. 

The precipitator is a most unusual piece of equipment. In the 
phosphorus process, the precipitator is in the main Process 
stream, as opposed to its usual application in an exhaust stream. 
Because of this, it is gas-tight (especially since any air would 
cause phosphorus combustion) . It operates ver Y -JjjJ 1 
atures P with the inlet gas approaching 540°C (1000 F) * a " d 
surfaces must be maintained hot to prevent phosphorus conuensa 
tion (the dew point of phosphorus is 180°C (356 F)). The pre¬ 
cipitator is typically a tube bundle, with the qas passing 
through the tubes and with a high-voltage wire along the axis of 
each tube. Both the wire and the tube are mechanically shaken to 
release the dust into a hopper. In some installations, tlxe d 
is slurried in water and pumped to a settling P° nd ' ar “ d 
solids are recycled to the raw feed for recovery of 
values (the clarified pond effluent is reused in the slurrying 

operation) . 

The high-voltage wires may be insulated from the shell 
oil seal. Contaminated oil is periodically replaced with fresh 
oil. Alternatively, a quartz seal may be used. The entire 
is heated either electrically or by an inert qas jacket of 
by-product carbon monoxide combustion gases. 

Downstream of the precipitator, the phosphorus is condensed by 
direct impingement of a hot water spray, which is sometime o 
auamented by heat-transfer through water-cooled condenser waLs. 
The liquid phosphorus (freezing point 44°C (111°F)) drains 
water sump, where the water maintains a seal from the atmosphere. 
This water is partially neutralized by addition of a mmonia or 
caustic to minimize corrosion, and then is recirculated from th 
sump to the phosphorus condenser. 

Liquid phosphorus is stored in steam-heated tanks under a water 

blanket and is transferred into tank cars by pum P*™L ? blanket 
water displacement. The tank cars also have a protective blan . 
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of water 
destination 


and are equipped with steam coils for remelting at the 


V f H high precipitator removal efficiencies, enough dust 
♦ condens ® rs to form some phosphorus mud, which is 

^ d “ St ' 30 percent water ' and 60 percent 


The condenser exhaust gases are 
either burned in a flare or used 
plant. 


mainly carbon monoxide, 
for heating elsewhere 


which is 
in the 
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THE PHOSPHORUS-CONSUMING SEGMENT 
Phosphoric Acid (Dry Process) 

Phosphoric acid is made from elemental phosphorus in the M dry” 
proces^as opposed to the acidulation of phosphate rock in 

SSLTSIS- the 6 ?2tSST «jty- 

£S jsrzfc ^=^4^ 1 2 

furnace acid is primarily used for preparing foodstuffs, 

SEES- «sed° th f or h ^prepar ing “^af feed 

supplements. 


TABLE 5. Impurities 

in Phosphoric Acid 

(54% P205) 


Wet Process 

Furnace 


Acid 

Acid 

F, wt % 

0.6 - 1.0 

0.007 

2.7 

0.003 

S03, wt % 

0 9 

0.001 

A1203, wt % 

1 2 

0.0007 

Fe£03, wt % 

Water insolubles, wt % 

0.8 


Total Impurities, wt % 

6.2 - 6.6 

0.012 


Density, kg/1 (lb/gal) 

3) 27°C (80°F) 

Viscosity, cp a) 27°C (80°F) 
Color 


1.72 (14.3) 
85 

Black 


1.57 (13.1) 
18 

Colorless 


Tn the standard dry process illustrated in Figure 3, liquid 
phosphorus is burned P in air. the resulting gaseous phosphorus 
nentoxide is absorbed and hydrated in a spray of water, 
the mist is collected with an electrostatic precipitator. 


The standard reaction may be written: 

p 4 + 502—»2P205 ♦ 6H20-»4H3P04 
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Liquid phosphorus is stored under water in tan f u(| 5^ a ^ 10 ^ h 
steam coils (the freezing point of phosphorus is 44 C ( ))• 

The nhosphorus may be fed to the burner by hot-water displacement 
In a Jeed tank, o^ in a loop with a steam-heated displacement 
water tank and water pump. Alternately, the liquid phosphorus 
may be pumped directly. 

There are variations in the design of the liquid phosphorus 
iniector Some producers achieve fine atomization using air in 
dual-fluld Rector (where the injection orifice can be large 
enoucih to prevent plugging) . To prevent freezing of the 
phosphorus in upstream portions of the injector and yet. to keep 
the injector tip cool, intricate use of both steam and cooling 
water has been simultaneously applied. Other designs ha ve prove 
successful for phosphorus atomization, including the exploita^i 
of Jxfrema turbulence in a pre-combustion zone. Some form of 

temperature control is required, since red P l '?!'!S§ r “f ^S^ould 
combustion temperatures much higher than 1650°C (300U t) wouia 
color the resulting acid and would plug injector orifices. 

In the combustion chamber, corrosion by P 205 vapors and by hot 
phosphoric acid (formed from the moisture in the air) is < co “;£_ 
ered by using a graphite lining. The steel shell el( terior 

bustion chamber is cooled by running water down its “herior 
•surfaces This mode of heat transfer is standard, pressurized 
coolinq water is avoided since any leaks would result in prema- 
ture l hydration. Recent plants have been constructed with stain- 
less steel combustion chambers. 

The aas exiting from the combustion chamber is typically 54 0°C 
11000°F)\ and is then hydrated with direct water sprays which 
also reduce the temperature to 120°C <250°F) or less. 

A variation of the standard process, illustrated in Figure 4, 
use c dilute acid for hydration instead of water. In this case, 

the° make-up water is added in the the 

is that P205 vapor is absorbed more easily as rne 

concentration VS&fe a£d is increased pother deviation 
a r °high-pressure-drop Ce venturi° Sfe? TO&tS’th. somewhat 

difficult hydration, and a screen-type demister dndseparation 
tower instead of an electrostatic precipitator to free the tail 
gases of the persistent acid mist. 

whpn an electrostatic precipitator is used for collection of the 
ohosnhSric acid mist, P the corrosivity requires the use of carbon 
tubes and stainless steel high-voltage wires. Those plants ““"J 
a high-pressure-drop venturi scrubber and a screen-type demister 
wi£ha P separation tower are of stainless steel construction. 
Where dilute phosphoric acid is used in thehydrator. the make up 
water is added in the separation tower. Regardless of process 
variation, phosphoric acid is made with consumption of water, 
aqueous waste streams are generated by the process. 
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FIGURE 4 

VARIATIONS OF PHOSPHORIC ACID (DRY) PROCESS 




The product acid is pure, but for the manufacture of food qrade 
acid, traces of arsenic must be removed. Arsenic occurs 
naturally with phosphorus in the ore (they are both Group V-A 
elements) at a level of about 0.075 kq of arsenic per kkq of 
phosphorus (0.15 lb/ton). The arsenic is quantitatively carried 
throuqh into the acid and is commonly removed by treatment with a 
soluble sulfide followed by filtration of the insoluble arsenic 
sulfide. 
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Phosphorus Pentoxide 

The manufacture of solid anhydrous phosphorus pentoxide is 
similar to the first stages of phosphoric acid manufacture. 
Liquid phosphorus is burned in an excess of air: 

P4 (1) ♦ 502—*2P205 (s) 

Figure 5 is a flow diagram for a standard phosphorus pentoxide 
manufacturing facility. A significant difference between the two 
processes is that in the anhydrous phosphorus pentoxide process 
the air is dried to an extremely low dew point, since any 
moisture results in a lumpy and agglomerated product not suited 
for its uses as a reactive drying agenc and as a reactive 
condensing agent in organic synthesis. Typically, the ambient 
air is filtered, then refrigerated to achieve a dew point of -18 
to -7°C (0 to 20°F), and then dried to a dew point of -46°C (- 
50°F) with silica gel. 

After reaction of liquid phosphorus with excess dried air in the 
combustion chamber, the P205 vapor is condensed to a solid in a 
''barn," which is a room-like structure. Some installations use a 
more conventional tower for condensation. Both the combustion 
chamber and the barn (or tower) are cooled by an external flow of 
water down the surfaces; pressurized cooling water is avoided 
since any leaks would result in lumpy, unacceptable product. 

Condensed phosphorus pentoxide solid is mechanically scraped from 
the walls using moving chains, and is discharged from the bottom 
of the barn or tower with a screw conveyor. The gases are vented 
to the atmosphere through a tail gas water seal which absorbs any 
P205 vapor or solid carry-over. There is usually continuous 
water addition and overflow for the tail gas seal. 

The product particle size is sensitive to the rate of cooling and 
condensation in the barn or tower. In a barn, the external 
surface-to-volume ratio is small, a relatively high temperature 
is maintained in the condensing unit, and rather large crystals 
may grow. In a tower, heat transfer is more rapid, and the 
product is very finely divided. One installation uses two towers 
in series; the first has much higher heat transfer rates and 
results in a coarser product than the second, and the products 
from the two towers are separately packaged. 
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PHOSPHORUS PENTOXIDE MANUFACTURE FLOW DIAGRAM 











Phosphorus Pentasulfide 

The standard process for the manufacture of phosphorus penta- 
sulfide, shown in Figure 6, is by direct union of the elements, 
both in liquid form: 

P4 (1) + 10S(1)—*2P2S5(1) 

The largest use of phosphorus pentasulfide is for the manufacture 
of lubricating oil additives. 

Liquid sulfur (melting point 113°C (230°F)) is transferred from a 
steam-heated storage tank using submerged pumps, and liquid 
phosphorus (melting point 44°C (111°F)) is transferred by hot 
water displacement. The highly exothermic reaction is usually 
carried out as a batch operation in stirred cast iron pots. A 
"heel" of molten P2S5 (melting point 282°C (540°F)) from the 
previous batch is used to absorb the initial heat of reaction. 
Liquid phosphorus and liquid sulfur are incrementally added. 
Since the reactants and the product are extremely flammable at 
the reaction temperature, the reactor is continuously purged with 
nitrogen. A water seal is used in the vent line. 

The batches from multiple reactors are forced into an 
electrically heated (300°C (570°F)) P2S5 holding tank by nitrogen 
pressure. Some of the P2S5 is converted directly into product, 
while the rest is purified. Liquid P2S5 from the holding tank 
that is to be sold is cast directly into drums or into cones. 
When the molten product contacts air during casting, it ignites, 
and fumes of P205 and S02 are generated. A fume hood and water 
scrubber are used. The cones, after cooling, are crushed and 
packaged; solid P2S5 does not auto-ignite in air. The dust from 
the crushing operation is removed in a dry separation system such 
as a cyclone. 

The liquid P2S5 that is to be purified may be vacuum distilled 
(normal boiling point is 515°C (960°F)) in a continuous system. 
The condenser is cooled by a high-temperature heat transfer 
fluid, which in turn is cooled in a water-cooled heat exchanger. 
The condenser is operated between the melting and boiling points 
of the product. Molten purified P2S5 is then cast and crushed, 
sharing the fume scrubber and dust collection systems with the 
impure product operation. 

An alternate mode of purification is the washing of crushed P2S5 
with carbon disulfide, in which the by-products phosphorus 
sesquisulfide (P4S3) and free sulfur are soluble. 
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Phosphorus Trichloride 

Phosphorus trichloride, used extensively in organic synthesis, is 
manufactured directly from the elements: 

P4 (1) ♦ 6C12 (g)—*4PC13 (x) 

The standard process is shown in Figure 7. Liquid phosphorus is 
charged to a jacketed batch reactor. Chlorine is bubbled throuqh 
the charge, and phosphorus trichloride product (meltinq point 
-112°C (-173°F)), boiling point 74°C (165°F), is refluxed until 
all the phosphorus is consumed. Some cooling water is used in 
the reactor jacket since the formation of PC13 is exothermic. 
Care is taken to avoid an excess of chlorine; otherwise, 
phosphorus pentachloride is formed. 

When the reaction is complete, the cooling water to the reflux 
condenser is turned off, steam is supplied to the reactor jacket, 
and the product of the batch distillation is condensed and coll¬ 
ected. 

A water scrubber collects hydrochloric acid and phosphorous acid, 
the hydrolysis products of PC13 vapors: 

PCI3 + 3H20-*3HC1 + H3P03 

The vapor pressure of the product is sufficiently high so that 
the fumes from transferring the product into shipping containers 
are also collected and scrubbed. 

In a variation of the standard process, the reaction is conducted 
semi-continuously instead of batch-wise. The reflux condenser of 
Figure 7 is tailored so that only a small fraction of the PC13 is 
withdrawn as product; che larger fraction of condensed PC13 
returns to the reactor and serves as the working fluid and heat 
sink for the reaction, since elemental phosphorus is somewhat 
soluble in PC13. Gaseous chlorine is added continuously, and 
liquid phosphorus is ^dded incrementally. 

No provision is generally made for continuous or frequent with¬ 
drawal of residue from the reactor either in the batch process or 
in the semi-continuous process. Instead, the residue is per¬ 
mitted to accumulate, and the reactor is shut down for cleanout 
infrequently. 

Phosphorus trichloride is corrosive and is often shipped in 
returnable nickel drums. Before use, these drums are thoroughly 
washed with water and steam cleaned. Some recent use has been 
made of non-returnable epoxy-lined steel drums. 
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FIGURE 7 

PHOSPHORUS TRICHLORIDE MANUFACTURE FLOW DIAGRAM 













Phosphorus Oxychloride 

Phosphorus oxychloride, used in the preparation of organic phos¬ 
phate esters and pharmaceuticals, is manufactured by the reaction 
of liquid phosphorus trichloride, chlorine, and soliu phosphorus 
pentoxide: 

3 PC13 (1) ♦ 3 C12 (g) ♦ P205(s)—>5 P0C13 (1) 

The standard process, illustrated in Figure 8, is carried out in 
a batch reactor and still which are very similar to the standard 
phosphorus trichloride equipment. Liquid phosphorus trichloride 
is charged to the reactor, solid phosphorus pentoxide is added, 
and chlorine is bubbled through the mixture while the PC13 
(boiling point 74°C (165°F)) and later the P0C13 (boiling point 
105°C (221°F)) are refluxed. When the reaction is complete, 

steam is supplied to the reactor jacket, the water to the reflux 
condenser is shut off, and the product is distilled over and 
collected. 

An alternative process for the manufacture of phosphorus oxy¬ 
chloride from phosphorus trichloride is also in commercial use. 
As is shown in Figure 9, dried air is used as the oxidant in a 
batch process. A water-cooled reflux condenser is used as in the 
standard process# except that a refrigerated condenser is adde 
in series to ensure total reflux of the PC13 upstream of a water 
scrubber for the tail gas. The significant difference is that in 
the air-oxidation process a large quantity of non-condensible gas 
(nitrogen and excess oxygen) is involved. 

Instead of a final distillation step, the product P0C13 is fil¬ 
tered, with periodic changing of the cartridge filter elements. 

Water scrubbers collect hydrochloric acid and phosphoric acid, 
the hydrolysis products of POC13 vapors, both from the reaction/ 
distillation equipment and from transferring operations (for 
either process): 


POC13 ♦ 3H20—>3HC1 ♦ H3P04 

Like phosphorus trichloride, phosphorus oxychloride is extremely 
corrosive and is shipped in returnable nickel drums. Before re¬ 
use, these drums are thoroughly washed with water and steam 
cleaned. Some recent use has been made of non-returnable epoxy 
lined steel drums. 
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THE PHOSPHATE SEGMENT 
Sodium Tripolyphosphate 

Sodium tripolyphosphate is manufactured by the neutralization in 
mix tanks of phosphoric acid by soda ash or by caustic soda and 
soda ash, with the subsequent calcining of the dried mono- and 
di-sodium phosphate crystals. Figure 10 is a flow diagram of the 
standard process. The sodium tripolyphosphate product is widely 
used in detergents and in water-softening applications. In the 
neutralization step, the amount of raw material is measured and 
controlled to yield monosodium orthophosphate and disodium 
orthophosphate in a 1:2 mole ratio: 

6H3P04 ♦ 5Na2CO3—>2NaH2PO4 + 4Na2HP04 ♦ 5H20 + 5C02, 
or 

9H3P04 ♦ 5NaOH ♦ 5Na2C03—*3NaH2P04 * 6Na2HP04 + 10H2O + 5C02 

In either process variation, the final pH in the mix tank is very 
carefully adjusted by small additions of either phosphoric acid 
or caustic soda solution. 

The mixture of sodium orthophosphates is spray dried or drum 
dried and the solids calcined to produce the sodium tripolyphos¬ 
phate: 

NaH2P04 ♦ 2 Na2HPO4-»Na5P3O_l0 ♦ 2 H20 

The product is then slowly cooled or tempered to preserve the 
condensed form of the phosphates. If the product is chilled too 
rapidly, it will revert to a mixture of the meta- and poly¬ 
phosphates: 

Na5P3O10—»Na3PC>3 + Na2P207 
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Calcium Phosphates 

The non-fertilizer calcium phosphates are made by the neutrali¬ 
zation of phosphoric acid with lime. Although the reactions are 
chemically similar, the processes for manufacturing the different 
calcium phosphates differ substantially from one another in the 
amount, and type of lime used and the amount of process water used 
(See Figures 11 and 12). 

Relatively pure, food grade monocalcium phosphate (MCP) is made 
in a stirred batch reactor from furnace acid and lime slurry: 

2H3P04 ♦ Ca(OH) 2—»Ca(H2P04) 2 . H20 ♦ H20 

An excess of phosphoric acid maintained during the batch addition 
cycle inhibits the formation of dicalcium phosphate. A minimum 
quantity of process water is used. The heat of the reaction 
liberates some water as steam in the reactor, and the remaining 
water is evaporated in a vacuum dryer, a steam heated drum dryer, 
or a spray dryer. The anhydrous MCP is produced by using CaO 
(quicklime) and in carrying out the reaction at 140°C (310°F) so 
that water is driven off as it is produced. 

Relatively pure food grade tricalcium phosphate (TCP) is made in 
a similar manner to MCP, except that an excess of lime slurry 
maintained during the batch addition cycle inhibits formation of 
dicalcium phosphate: 

2H3P04 ♦ 3Ca (OH) 2-*Ca3 (P04) 2 + 6H20 

Like MCP, the TCP is dried to prevent excessive product 
temperatures. 

Relatively pure, food grade dicalcium phosphate (DCP) is made in 
batch stirred reactors, but with much more process water than for 
either MCP or TCP: 


H3P04 ♦ Ca (OH) 2—*CaHP04 . 2H20 

The stoichiometry for DCP manufacture is critical; any excess 
H3P04 during the batch addition cycle would result in some MCP 
and any excess Ca(OH)2 would result in some TCP. The excess 
water in the DCP reactor is to ensure homogeneity so that the 
local stoichiometry is as balanced as the overall reactor 
stoichiometry. 

As a result of the excess of water used, the reaction mixture is 
a pumpable slurry as opposed to the pasty consistency of MCP and 
TCP. This DCP is mechanically dewatered before drying. 
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Dicalcium phosphate (DCP) is also manufactured for livestock feed 
supplement use, with much lower specifications on product purity. 
Hence, the reaction can be conducted without excess water, since 
some MCP and/or TCP in the DCP product is perfectly tolerable. 
The pasty reaction product is normally dried in a rotary dryer. 
Powdered limestone, CaC03, may be used instead of lime. If 
quicklime is used, the drying step may be bypassed. 

Another significant process difference is that non-food grade wet 
process phosphoric acid is normally used for this product. The 
DCP plants defluorinate the acid unless this steD was 
accomplished by the acid producer. Wet process phosphoric acid 
contains approximately 1 percent fluoride in various forms. The 
defluorination consists of treating the heated acid with finely- 
divided silica and steaming or aerating, which liberates silicon 
tetrafluoride gas: 


Si02 + 4HF—>SiF4 ♦ 2H20 

Wet scrubbers then hydrolyze and collect this gas as fluosilicic 
acid and silicic acid: 

3 SiF4 ♦ 3H20-»2H2SiF6 «• H2Si03 

The hot defluorinated phosphoric acid is then charged to the 
reactor to make dicalcium phosphate. 
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SECTION IV 

INDUSTRY CATEGORIZATION 


INTRODUCTION 

In developing effluent er^industryjudqment must 

performance for new sources for a given in ^stry, a j y whe ther 

be made by the Environmental Protection Agen y different 

effluent limitations and standards are approp factors 

justified for the phosphate category of point sources are. 

wastes generated 
treatability of waste waters 
manufacturing process 
raw materials 
plant size and age 
product 

land availability 

air pollution control equipment 

WASTES GENERATED 

Tables 7, 8, and 9 in " *how the raw 3 ph ^ r p hates 

phosphate category. suspenaed solids and dissolve pp 

are common raw waste water co " st ^"f, nt =‘° r ca ?c?um phosphates, 
grade calcium >«|- en - d ln f ^ nc l”? a e t “ir U si?nif?cantly 

Dissolved solids are P^= en the chemica i s studied. Elemental 

phosphorus can' be a waste water c °f ^phcsT^"^^"^/!^ 
P o? SP «turnJd U ?o tU the 9 phosphorus producing plant. sulfates, 
fluorides and alkalinity are c °" a ^“® nt | ha n am P “rof e wastrwater 
^2fro? h v r kk, P S? d pir i ?e;umfg h l”rn”he t p e ro a du«i t onof phosphorus 
is s'everal orders of .^SrihemiSals^HS PO^IoS , P 2 S5, 

rcl3.°Jnd pSclfcommonly generate acidic wastes and phosphates. 

TREATABILITY OF WASTE WATERS 

The chemicals H3POS P 2 0|. Pig. P^ouil^ed! 

PCl“and POC 13 piesent more difficult problems because the 
resultant chloiide ions are difficult to remove. 
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The calcium phosphates involve similar treatment problems 
(suspended solids and phosphates). Defluorination of animal feed 
grade calcium phosphates will produce fluoride wastes, but the 
proposed treatment schemes will handle this waste constituent. 

MANUFACTURING PROCESS 

Manufacturing process is the principal factor used to determine 
subcategories. Phosphorus production is an ore reduction process 
involving large electric furnaces and large amounts of raw 
material and slag. Ferrophosphorus is a by-product in the 
phosphorus reaction and is always considered along with 
phosphorus when considering effluent quality. 

The chemicals H3P04, P205, PC13, and POC13 are all similar in 

that a gaseous intermediate or product is encountered somewhere 
in the reaction sequence. The synthesis of P2S5 resembles the 
above in that water and air must be completely absent in the 
whole or parts of the reaction sequence. 

Sodium tripolyphosphate and the calcium phosphates are produced 
by the neutralization of phosphoric acid by alkaline slurries. 

RAW MATERIALS 

The following raw materials are used for each process: 

Chemical Raw Material s 


P4 6 Fe2P 

H3P04 “ % 

P205 

P2S5 

PC13 

P0C13 

Na5P30jH) 

Calcium Phosphates 


Phosphate Ore 

P4 

P4 

P4 

P4 

PC 13 

H3P04 

H3P04 


Coke (C) Si02 
02 
02 
S 

Cl 2 

ClI (P205) 
Na£C03 (NaOH) 
Ca (OH) 2 


When the nonphosphorus compounds are excluded, four subcategories 
become evident on the basis of raw material. The POC13 process 
is so like the PC13 process, however, chat it is included in the 
latter subcategory. 


PLANT SIZE AND AGE 


Plant size will not affect the quantities of wastes produced (kg 
per kkg of product) to such a degree that subcategorization would 
be warranted. The same basic production processes for each 
chemical are used throughout the phosphate industry. Plant age 
will not affect the quantities of wastes produced to the degree 
where subcategorization is warranted. Another point is that 
there no really new plants, and consequently the situation 
does not^x-ist where new technologies make older technologies 
obsolete. With respect to economics it is particularly difficult 





to assess the effects of waste water treatment. The chemicals 
covered by this report serve as raw materials or intermediates 
for other products produced by the same company. The theoietical 
profitability of a single plant may well not decide if operations 
are to continue at that site. With this in mind it would be 
difficult if not impossible to establish criteria based on the 
economics of plant size or age for the purpose of 
subcategorization. 

m 

PRODUCT 

The product does have some bearing on the waste water quality 
when the product or vapors from the product or intermediate come 
into contact with water. This topic has already been indirectly 
discussed under wastes generatedj In summary, phosphorus 
production is associated with elemental phosphorus, phosphates, 
fluoride, suspended and dissolved solids. The production of 
H3P04, P205, P2S5, PC13 and P0C13 result in phosphates, dissolved 
solids, and acids in the waste waters. The production of 
Na2P30lC and the calcium phosphates result in phosphates, 
suspended and dissolved solids in the effluent. 

LAND AVAILABILITY 

Removal of suspended solids from raw waste waters is most easily 
accomplished by use of larqe settling ponds. This will be the 
principle concern for land availability. The plants in this 
category are located, however, in rural sites where the problem 
of land availability is minimized. 

AIR POLLUTION CONTROL EQUIPMENT 

All of the chemicals covered in this study use wet scrubbers or 
water systems in the process itself which amount to scrubbers. 
Therefore this is not a topic for subcategorization. 
Furthermore, it is recommended that dry air pollution control 
equipment either precede or replace wet scrubbers in order to 
reduce scrubber water contamination. Volatilization of hazardous 
substances such as fluorine from neutralization and settling 
ponds is insignificant. 


SUBCATEGORIES 

The factors that entered into the selection of subcategories are: 
wastes generated, treatability of waste waters, product, and 
particularly raw material and manufacturing process. Three 
subcategories were considered necessary for purposes of 
establishing effluent limitations guidelines: 
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a. Phosphorus Production 

1. phosphorus 

2. ferrophosphorus 

b. Phosphorus Consuming 

1. phosphoric acid (dry process) 

2. phosphorus pentoxide 

3. phosphorus pentasulfide 

4. phosphorus trichloride 

5. phosphorus oxychloride 

c. Phosphate 

1. sodium tripolyphosphate 

2. Calcium phosphates 

i. animal feed grade 

ii. food grade 
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SECTION V 


WATER USE AND WASTE CHARACTERIZATION 


INTRODUCTION 

With the background of manufacturing technology discussed in 

Section III, ♦*.*s section discusses the specific water uses in 

the phosphate r.. .ufacturing indu; try and the raw wastes from this 
industry before control and/or treatment of these wastes. Both 
lection III and Section V are intended to be generally 

descriptive of the industry; i.e., they outline the standard 

manufacturing processes and the standard raw waste loads that are 
common to the great bulk of plants in the industry. It is not 
until Section VII, Control and Treatment Technology, Secti 

IX, Best Practicable Control Technology Currently Available, that 
distinctions are made (and quantitative y suppor 
indeDendently verified sampling data of plant effluents) withi 
the ‘industry, pointing out those notable plants which have 
already achieved significant reduction or total elimination o 
polluting discharges. 

The following discussion therefore, should not be * ak ®? 
implying that the raw waste loads quoted are always actual plant 
discharges. Rather, they are intended to describe the total 
waste management problem originally faced by any plant in the 
industry. In actuality, significant abatement steps have been 
taken^by some plants within the industry. By fully explaining 
the total waste management problem (in terms of raw waste loa ), 
the control and treatment steps can be later explained and 

evaluated. 


SPECIFIC WATER USES 

Water is primarily used in the phosphate manufacturing industry 
for eight principal purposes; 

Non-contact cooling Water 
Process and Product Water 
Transport Water 

Contact Cooling or Heating water 
Atmospheric Seal Water 
Scrubber Water 

•» Auxiliary Process Water 

Miscellaneous Uses 


Non-Contact Cooling Water 

This tvpe of water is used without contacting the reactants, such 
as in a tube-in-shell heat exchanger. If, however, the water 
contacts the reactants, then contamination of the w at ® r results 
and the waste load increases. Probably the single most important 
process waste control technique, particularly for subsequent 
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treatment feasibility and economics, is segregation of non- 
contact cooling water from process water. 

Non-contact cooling water is generally of two types in the in¬ 
dustry. The first type is recycled cooling water which is cooled 
by cooling towers or spray ponds. The second type is once- 
through cooling water whose source is generally a river, lake, or 
tidal estuary, and the water is returned to the same source from 
which it was taken. 

The only waste effluent from the recycled water would be water 
treatment chemicals and the cooling tower blowdown which gener¬ 
ally is discharged with the cooling water. The only waste eff¬ 
luent from the once-through cooling water would be water treat¬ 
ment chemicals which are generally discharged with the cooling 
water. The cooling tower blowdown may contain phosphates, ni¬ 
trates, nitrites, sulfates and chromates. The water treatment 
chemicals may consist of alum, hydrated lime, and alkali metals 
such as sodium and potassium produced by ion exchange units. 
Regeneration of the ion exchange units is generally accomplished 
with sodium chloride or sulfuric acid, depending on the type of 
unit employed in the plant. 

Process and Product Water 

The process or product water generally is that which comes in 
contact with the product and stays with the product as an inte¬ 
gral part, such as the quenching, hydrolysis and dilution water 
used in phosphoric acid manufacture, or the water used as a 
reaction medium in food grade dicalcium phosphate manufacture. 

Transport Water 

Water may be used for transporting reactants or products between 
unit operations. An example is the uso of water for transferring 
(by displacement) liquid phosphorus. Another example is the 
transfer of electrostatic precipitator dust in phosphorus 
manufacture as a slurry in water. 

Since intimate contact between the process materials and trans¬ 
port water occurs, this water may generally contain dissolved or 
suspended materials and so is classified as process water. 

Contact Cooling or Heating Water 

This water comes under the general heading of process water 
because it comes in direct contact with process waters. A prime 
example is the large quantity of water used to quench the slag 
from phosphorus furnaces; another is the water used to condense 
the gaseous phosphorus after it is produced in the furnaces. 

Other direct contact cooling or heating water use such as that 
for contact steam heating and/or drying, steam distillation, pump 
and furnace seals, etc., is generally of much lower volume than 
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the barometric condenser water and is easier to treat for waste 
effluents. 

Atmospheric Seal Water 

Because see of the materials ^"^ 1 = Industr^spontaneously 

ignite on contact with the oxygen in , Dhos £ horus l3 

rp^rtion vessels with a water seax. . . rpu P cp 

universally protected by storing under a water blanket. These 

seal waters are considered as process water . 

Scrubber Water 

Auxiliary Process Water 

This water is used in medium quantities by the typical pl *f ^ 
aU f Ua to 0 ^Iler2 nS w^h h a" wSuSS^bSilS^Soln/ equipment 

generally low in quantity but highly concentrated. 

Miscellaneous Water Sources 

These water sources vary widely an,ong the piants "at ing^f rom 
floor washing and cleanup, safety sho , ^ streams are 

sanitary uses and storm run-off. „ith wastes. 

?he he gener'a C l° n orac n t a ice !s to ’discharge such streams without 
treatment except for sanitary waste. 
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PROCESS WASTE CHARACTERIZATION 

The descriptions of the manufacturing processes in Section III, 
and the flow diagrams included in that Section, qualitatively 
discussed the sources of wastes. The following discussion is 
intended to describe these waste streams both in quantity and in 
composition. These waste streams are the "raw" wastes before 
control or treatment (which is separately discussed in Section 
VII). 

Aqueous wastes emanating from air pollution abatement equipment 
are considered as process wastes in this study. 

The following sections quantify the raw process wastes in each 
segment of the industry. A discussion of the source, nature, and 
amount of these wastes for each segment is followed by a table 
summarizing the standard raw waste load. 

Various plants in the industry differ significantly in the degree 
of process and cooling water recirculation. Hence, the waste 
water quantities and constituent concentrations quoted may be 
grossly different from plant-to-plant. However, the raw loads in 
kg per kkg of product (lb/ton) are dependent primarily on the 
manufacturing processes and are therefore much more 
representative of the entire industry. 

The Phosphorus Production Subcategory 

The discussion of phosphorus manufacturing technology in Section 
III and the flow diagram of Figure 2 qualitatively pointed out 
the following streams emanating from the process (in addition, of 
course, to the phosphorus product stream): 

By-products: Slag, Ferrophosphorus, and Carbon Monoxide 

Non-contact Cooling Water 

Electrostatic Precipitator Dust 

Calciner Precipitator Dust 

Calciner and Furnace Fume Scrubber Liquor 

Phosphorus Condenser Liquor (Aqueous phase) 

Phosph rus Sludge (or mud) 

Slag Quench Liquor 

The following sections discuss each of the above in quantitative 
detail, and identify which are typically returned to the process 
and which are classified as raw waste streams .from the 
manufacturing operation. 

By-product Streams 

The by-products of the phosphorus manufacturing operation are: 
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kg/kkg _lb/l2G 


Ferrophosphorus 

Slag (CaSiO?) 

CO gas 


300 

8,900 

2,800 


600 

17,800 

5,600 


CO gas * . 

•m and the carbon nK oxid 

burned on site. Hence, 

considered a ^ ^ fcy . product slag is separate 

The quench stream. 

The by-product ferrophosphoru^is^ast^it 1 J^ aDn ^ k en°up and 

Non-contact cooling Water huqe quanti ties o* 

Sr iees . 1 

-v 1 ’ r 

^ 3£r3 

SSrE s. - — 

operation. significant 

After accounting ft JS-ta^l^iing -er^or.tbe 

quantity of he t^ crucible bottom. the/transformer, and for any 

g#Efgf 

ofpi ni 

uses 38,000 jjo',000 1/kkg ( 31,000 gal/ton). 

Alabama, (5) uses, 


Electrostatic precipitator Dust 
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Jjf h : tem P eratur * electrostatic precipitator removes dusts 
from the furnace gases before these gases are condensed for 
recovery of phosphorus. These dusts may contain up to 50 percent 
P205, and therefore find value either as a fertilizer for sale or 
for return to the process. in the latter case, they are 
transported to the ore blending head end of the plant. One TVA 
scheme slurries the dust for transport; the slurry is pumped to a 

f£ nd ' ! he settled solids are fed to the ore - blending 
unit, and the pond overflow is reused in the slurrying operation. 

lS nt Sn° f i^ Ci f itat ° r dUSt is a PP r °ximately 125 kq/kkg of 
product (250 lb/ton). Regardless of the method of sale or re¬ 
use, the precipitator dust is not a waste material to be disposed 
of from the plant. ^ 


Calciner Precipitator Dust 

Dry dust collectors are used in the calcining operation, upstream 
of wet scrubbing systems. The dry fine dusts collected are 
recycled directly to the sizing and calcining operations. The 
eoilected and recycled fines may amount to as much as 30 percent 
of the net production from the nodulizing process. 

*!!• Pf ant discharge of dry calciner precipitator dusts; 
therefore this is not a component of the plant's raw waste load. 

Calciner and Furnace Fume Scrubber Liquor 

Hater scrubbers are used for air pollution abatement for the 
calciner exhaust stream (downstream of dry dust collection) for 
furnace fumes, for ore sizing dusts, for coke handling dusts, for 
raw material feeding operation dusts, and for furnace taphole 
(slag and ferrophosphorus) fumes. The scrubber liquor contains 
suspended solids (which are mainly Si02 and Fe203), some 
phosphates and sulfates as dissolved solids, and a large quantity 
fluorides. To explain the presence of these fluorides in the 
scrubber liquor. Table 6 lists the quantities of materials in 
commercial phosphate rock presented as pounds per ton of 
phosphorus ultimately produced after normalizing of 26 oercent 
c ° ntent * From Table 6, the average quantity of F in ore is 
275 kg/kkg of P4 (550 lb/ton). Approximately 8 percent of this 
quantity of F, or 22 kj/kkg (44 lb/ton), is volatilized in the 
ore calcining operation, and is subsequently a constituent of the 
scrubber liquor. 

This scrubber liquor is highly acidic for three reasons: the 
sulfur (as S03) forms sulfuric acid; the P205 forms phosphoric 
acid; and the fluorine, which is released in the form of silicon 
tetrafluoride, forms fluosilicic acid and silicic acid 
hydrolysis. 


on 


The quantity of scrubber liquor wasted depends on the degree of 
recirculation of this liquor from a sump back to the scrubbers. 
TVA at Muscle Shoals circulates approximately 21,000 1/kkg of 
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T ABLE 6 


of Comme rcial_Phg3 g hate_Eocks (12) 

Expressed as kg per kkg (lb/ton) of Phosphorus Produced 


Constituent _ 


Fl °ptbble and Brown 6 Rock Phosphor icVid 

t'euuj.c rnace Grade Low Grade_ 

iiSkfllfer ki/kkillbZton" kaZlSti 


P205 

2,600 

CacT 

3,800 

MgO 

35 

A1203 

125 

Fe203 

155 

Si02 

725 

S03*~ 

215 

F 

305 

C02 

330 

Organic 

Carbon 40 

Na20 

10 

K20 

10 


5,200 

7,600 

70 

250 

310 

1,450 

430 

610 

660 

80 

20 

20 


2,600 

5,200 

3,550 

7,100 

75 

150 

1,230 

2,460 

760 

1,520 

3,150 

6,300 

50 

100 

270 

540 

150 

300 

35 

70 

35 

70 

50 

100 


2,600 

5,200 

3,150 

6,300 

190 

380 

810 

1,620 

550 

1,100 

3,750 

7,500 

260 

520 

245 

490 

550 

1,100 

685 

1,370 

205 

410 

135 

270 


31 
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product <5,000 lb/ton) with a portion bled off to control the 
ThlS S ° rUbber li ’ uor is °* the following 


composition: ’ * luuuwl 

Constituent Concentrat ion, X 

. F 3.1 

Si02 1#1 

p 205 * 0.2 

Fe203 0.1 

s 1.7 

5 1UOride concentration of 3.1 percent is equated to a 

Th Ste l0 ^ (dS P reviousl y discussed) of 22 kq/kkg 
may £e ca?cGl«Jd? UantltleS °' ° ther SCrUbber liquor components 


Constituent 

Raw Waste Load 
kq/kko lb/ton 

F 

22 

44 

Si02 

8 

16 

P20$ 

1.5 

J. VJ 

3 

Fe203 

0.5 

1 

S 

12 

24 


Th 6 K° tal CaC ?- a cidity of the scrubber liquor, calculated from 
the above constituent quantities, is 60 kg/kkg (120 lb/ton). 

0th f 1 P^^ nts do not recirculate scrubber liquor: the volume 

murl^Q T - ? mU K h 9 £ eater and the constituent concentrations are 

ehnnir i ler ' bUt *5? raw waste loads < in of productf 

shouid be comparable. Plant 181 does not directly recirculate 

scrubbing° r# 3nd US6S 300,000 1/kkc ? (71,000 gal/ton) for 
Phosphorus Condenser Liquor 

l5 e u.v, fUr P ace gases P ass from the electrostatic dust precipitator 
to the phosphorus condenser, where a recirculating water P spray 
condenses the product. The Condenser liquor is maintained at 
Of^h^nho^h 60°c (140°F), high enough to prevent solidification 
liaunr P ^ S P^°J US (freezing point 44°C (112°F)) . This condenser 
J ."phossy water", essentially a colloidal dispersion of 
phosphorus in water, since the solubility at 20°C (68°F) is only 
3 :° mg *J* Depending on how intimate the water/phosphorus contact 

several h weight S percent. C ° ntent ° f Ph ° SSy "*» be hi ^ «• 

The condenser liquor also contains constituents other than el^- 
avpraL Phosphorus: fluoride, phosphate, and silica. Using the 

estimate ^ l** 1 * 6) ° f 275 k «? /kk ^ plus the 

estimate that 12 percent of the F in the ore volatilizes in the 
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furnace and is therefore equivalent to 33 kg/kkg <66 lb/ton]> . and 
bv accounting for 6 kg of F per kkg (12 lb/ton/ ton) which is 
collected in the precipitator dust and in the P h °sph°rus sludge 
ash, a raw waste load of F is derived of 27 kq/kkg (54 lb/ton) in 
the condenser liquor. This condenser liquor is not acidic 
despite the hydrolysis of P205 and SiF» to HJPOi. H 2 SiF|. and 
H2Si03 because aqueous ammonia or caustic is added to p 
undue"~corrosion in the condenser. 

There are other sources of phossy water within the piant. Stor- 
age tanks for phosphorus have a water blanket, which i 
discharged on phosphorus transfer. Railroad cars are cleaned by 
washing with water. Phosphorus may be purified by washing with 
water. Together, all sources of pnossy water wastes amount to 
about 5,400 1/kkg ( 1 ,300 gal/ton), and at a concentration of 
1 700 mg/1, the quantity of phosphorus wastes amounts to about y 

kg/kkg produced (18 lb/ton), as reported by TVA. 

At TVA, the condenser liquor is recirculated ** th « ra ** 
33.000 1/kkg (8,000 gal/ton). Other plants may differ 
significantly^in the quantity of phossy water circulated, but the 
raw wastes (in kg/kkg of product) should be fairly uniform. For 
example^ 5 Plant 181, which does not directly recirculate its 
condenser water, uses 84,000 1/kkg (20,000 gal/ton), with an 
additional 17,000 1/kkg (4,000 gal/ton) for phosphorus handling 

and storage. 

To calculate the raw waste loads of phosphate and silica in the 
condenser liquor, the followinq TVA recirculated-liquor compo- 
sition was used: 


Constituent 

F 

P205 

Si02 


Concentration, % 

8.3 

5.0 

4.2 


Equating 8.3 percent F with the previously-derived 27 kg/kkg of 
F 9 the raw waste loads of P205 and Si02 become respectively 16.5 
kg/kkg (33 lb/ton) and 13.5 kg/kkg (27 lb/ton). 

Phosphorus Sludge 

In addition to phossy water, the phosphorus condenser sump also 
coUects phosphorus 7 sludge, which is a colloidal suspension ty- 
n i., 11v 10 cercent dust, 30 percent water and 60 percent 
phosphorus. The quantity of sludge formed is directly dependent 
on the quantity of dust that escapes electrostatic pr ecl PRation, 
hence the very large investment made for highly efficient 
precipitators. 

Using 125 kg of dust (per kkg of product) collected by the elec¬ 
trostatic precipitator, and assuming a 98 percent collection 
efficiency, the dust reaching the condenser amounts to 2.5 kg/KKg 
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(5 lb/ton). If all of this dust became part of the sludge, the 
sludge quantity would be 25 kg/kkq (50 lb/ton) of product, and it 
would contain 15 kg/kkg (30 lb/ton) of elemental phosphorus. 

This sludge is then universally processed for recovery of phos¬ 
phorus, typically by centrifugation. A 96 percent recovery has 
been reported, with the product (subsequently returned to the 
process) averaging 92 to 96 percent phosphorus. The remaining 4 
percent of the phosphorus in the sludge is burned in a phosphoric 
acid unit, so that no wastes emanate from the plant. 

Other methods for processing the sludge which also result in no 
plant effluent include heating in a slowly rotating drum in an 
inert atmosphere to drive off phosphorus vapor, which is then 
condensed with a water spray into a sump. The solid residue 
obtained is completely free of elemental phosphorus and can be 
safely landfilled or recycled to the feed preparation section of 
the plant. 

Slag Quenching Liquor 

Slags from phosphorus furnaces are mainly Si02 and CaO, and would 
also contain A1203, K20, Na20, and MgO in amounts consistent with 
the initial ore composition. In addition to these oxides, 
phosphate rock may contain 0.1-0.2 kg/kkg (0.2-0.4 lb/ton) of 
uranium in the ore, and the radiation levels of both the slag and 
the quench waters must be appropriately noted. Other 
constituents of the slag presenting problems for quench water 
pollution control are fluoride and phosphate. Approximately 80 
percent of the original F in the phosphate rock, 220 kg/kkg of P4 
(440 lb/ton), referring to Table 6, winds up in thi slag. About 
2.7 percent of the original P205 in the phosphate rock, 70 kg/kkg 
(140 lbs/ ton), winds up in the slag. 

At Plant 181, approximately 24,600 1/kkg (5,900 gal/ton) may be 
used for quenching the slag, with the slag quench liquor having 
the following composition and raw waste loads: 

Constituent Concentrat io n, mg/1 _Raw Waste Load _ 

kg/kkg P4 lb/ton P4 


Total Suspended 

Solids 

800 

20 

40 

Total Dissolved 

Solids 

1,700 

42 

85 

Phosphates (as P) 

12 

0.3 

0.6 

Sulfate (as S) 

1,000 

25 

50 

Fe 

14 

0.35 

0.7 

F 

17 0 

4.5 

9 

Total Alkalinity 

230 

5.5 

11 
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TABLE 7 


Sum mary of Raw Wastes from Phospho rus_Manuf acture 

Note: Waste water quantities and constituent concen¬ 
trations are highly variable, depending on 
deqree of recirculation, but the raw waste 
loads should be representative. 


Phosphorus 

Calciner condenser Slaq 

Scrubber Plus Other Quenchinq Composite 
Liq u or Pho s sv Water _Water__W 5 .s>te— 


Waste Water Quantity, 

1 /kkg 300,000 100,000 

gal/ton 72,000 24,000 


25,000 425,000 

6,000 102,000 


Raw Waste Load, 
kg/kkg 

. 

GO 

TSS 

P4 

— 

P04 

2 

S04 

36 

F 

22 

Total Acidity 

60 

Total Alkalinity 



Raw Waste Load, 


lb/ton 


TSS 

17 

P4 

— 

P04 

4 

S04 

72 

F 

44 

Total Acidity 

120 

Total Alkalinity 

*• 


Concentrations, mg/1 


TSS 


28 

P4 


• 

P04 


7 

S04 


120 

F 


73 

Total 

Acidity 

200 

Total 

Alkalinity 



13.5 

20. 5 

42.5 

9 

- 

9 

22 

1 

25 


75 

111 

27 

4.5 

53.5 


— 

54.5 


5.5 

- 


27 

41 

85 

18 

- 

18 

44 

2 

50 

mm 

150 

222 

54 

9 

107 


- 

109 


11 

- 


135 

820 

100 

90 

- 

21 

220 

40 

59 


3,000 

260 

270 

180 

126 


- 

128 


220 

- 


# 


55 


1? fit. 





The Phosphorus Consuming Subcategory 9 

No direct process aqueous wastes are generated in this segment of 
the industry. The raw wastes arise from phosphorus storage and 
transfer, from wet scrubbing of tail qases, from vessel cleaning, 
and from leaks and spills. 

Phossy Water Wastes 

Because phosphorus is transported and stored under a water 
blanket, phossy water is a raw waste material at phosphorus using 
plants as well as at phosphorus producing plants. The standard 
procedure when liquid phosphorus is transferred from a r<:il car 
to the using plant's storage tank is to pump the displaced phossy 
water from the storage tank back into the emptying rail car 
practiced at Plants 037 and 192. Instead of being wasted at tir^^ 
phosphorus-using plant, the phossy water is shipped back to the 
phosphorus-producing facility for treatment and/or re-use. 

Therefore, standard raw phossy water wastes at the phosphorus 
using plants are due to surges or to anomalies in the storage 
tank water level control system rather than to the direct wasting 
of all displaced water. 

A more i.nsidious source of phossy water may arise at phosphorus 
consuming plants. Should reactor contents containing Dhosphorus 
ever be dumped into a sewer as a result of operator error, 
emergency conditions, or inadvertent leaks or spills, the phos¬ 
phorus would remain at the low points in the sewer line generally 
as a solid (melting point 44°C (111°F)) and would contact all 
water flowing in that sewer from that time on. Since phosphorus 
burns when exposed to air (autoignition temperature 93°c), there 
is general reluctance to clean it out. The common practice is to 
ensure a continuous water,flow to prevent fire. 

The typical phosphorus loss'for phosphorus consuming plants is 1 
kg lost to phossy water per kkg consumed (2 lb/ton). Whenever 
phosphorus is tranferred by displacement, 580 liters of water are 
displaced per kkg of phosphorus (140 gal/ton). These values are 
equivalent to a phosphorus concentration of 1700 mg/1. For 

comparison, a typical phosphorus concent in phossy water at a 
phosphorus producing plant has also been reported at 1700 mg/1. 

Phosphoric Acid Manufacture 

The production of phosphoric acid by the "dry" process from 
elemental phosphorus consumes a total of about 380 liters of 
water per kkg of product (92 gal/ton) for both the hydration and 
the acid dilution steps. The cooling water requirements are 
typically 92,000 liters per kkg of product (22,000 gal/ton); but 
with recycle of cooling water, the make-up cooling water 
requirement is approximately 4,600 liters per kkq of product 
(1,100 gal/ton). There is no aqueous process waste from notable 
phosphoric acid Plants 003, 006, 042, and 075. Despite good 
housekeeping^ at a notable plant, however, leaks or spills of 
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phosphoric acid may amount to an average of 1 kg/kkg (2 lb/ton), 
with a range of 0 to 2.5 kg/kkg (0 to 5 lb/ton). 

Where food grade phosphoric acid is produced, a standard raw 
waste of 0.1 kg/kkg (0.2 lb/ton) of arsenic sulfide is precipi¬ 
tated by addition of a soluble sulfide (H2S, Na2S, NaHS) and 
filtered out of the acid. An additional 0.75 kg/kkg (1.5 lb/ton) 
of filter-aid material may accompany the sulfide as a solid 

waste. 


Phosphorus Pentoxide Manufacture 

The waste water from the tail seals on the condensing towert 
typically contains 0.25 kg/kkg (0.5 lb/ton) of H3P04 (100 percent- 
basis) . Approximately 500 1/kkg (120 gal/ton) of water may e 
used, resulting in a concentration of 470 mg/1 for the effluent 
bleed. 


The inlet air dryer silica gel is regenerated often, but is 
renewed very infrequently (perhaps every ten years). The wasted 
material is typically landfilled. 

Approximately 29,000 1/kkg (7,000 gal/ton) of non-contact cooling 
water are used. 


Phosphorus Pentasulfide Manufacture 

The water seals on the batch reactor vent lines accumulate a 
mixture of phosphorus mud and lower phosphorus sulfides. 
seals are cleaned once a week, and the residue amounts to 0.1 5 
kg/kkg (0.3 lb/ton) . This residue is hazardous and flammable ar.„ 
is typically buried. 

Should any batch be aborted (a rare occurrence) because of 
agitator failure, cast iron pot failure, or other reason, the 
material is disposed of by incineration. 

The dust collected by a cyclone from the P2S5 crushing operation 
amounts to 1 kg/kkg (2 lb/ton). 

The still pot for the vacuum distillation step accumulates im¬ 
purities, which include carbon and iron sulfur compounds and 
qlassy phosphates. Most important, the residues contain arsenic 
pentasulfide, which is higher-boiling than the corresponding 
phosphorus pentasulfide. Arsenic occurs naturally with phos¬ 
phorus (they are both Group V-A elements) at a level of about 
0.075 kg/kkg (0.15 lb/ton) of arsenic which is equivalent to 0.05 
kg of As2s5 per kkg of product P2S5 (0.1 lb/ton). The entire 
rti31 pot residue is about 0.5 kg/kkg (1 lb/ton). Periodically, 
these residuer. are removed and the solids are broken up and 
buried. Approximately 17,000 1/kkg (4,000 gal/ton) of non-contact 
cooling water is used. 
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In the castinq of liquid P2S5, the fumes from burning liquid 
(molten P2S5 auto-ignited) are scrubbed. Typically, the scrubber 
water contains 1.25 kg of combined P205 and S02 per kkg of pro¬ 
duct P2S5 (2.5 lb/ton) . Because both P205 and S02 are absorbed by 
a water scrubber only with difficulty, the water flow rate is 
high, 30,000 1/kkg (7,200 qal/ton). These values reduce the 
concentrations of P02~ 3 and S03~ 2 in the scrubber effluent of 17 
and 34 mg/1, respectively. Much lower scrubber flow rates could 
be used should weak caustic or lime b'. used instead of water. 

Phosphorus Trichloride Manufacture 

The batch or semicontinuous reactor/stills accumulate residues 
which are periodically but infrequently removed. These residues 
contain arsenic trichloride, which is higher-boiling than the 
corresponding phosphorus trichloride. Arsenic occurs naturally 
with ohosphorus (they are both Group V-A elements) at a level of 
about 0.075 kg/kkg (0.15 lb/ton) of arsenic, which is equivalent 
to 0.05 kg of AsCl3 per kkg of product PC13 (0.1 lb/ton). This 
is about half the quantity of total residue in the stills 
(exclusive of residual PC13 from the last batch or run before 
shutdown). 

The averaqe non-contact cooling water requirement is 54,000 1/kkg 
(13,000 qal/ton). 

Water scrubbers collect PC13 vapors from the reaction, the 
product distillation, the product storage, and the product 
transfer operations and hydrolyze these vapors to HCl and to 
H3P03 (which may subsequently be oxidized to H3P04). The 
quantity of PC13 collected is highly dependent on the efficiency 
of the upstream condensers, since PC13 is highly volatile: 

Temp, °C T emp, ° F PC13 Vapor Pressure, mm Hg( 27) 

20 68 99 
40 104 235 
60 140 690 
76 169 760 

At Plant 037, sufficient heat transfer area was provided in the 
condensers to limit the raw waste load to 3 kg of HCl plus 2.5 kg 
of H3P03 oer kkg of product PC13 (6 lb/ton and 5 lb/ton). 
Approximately 5,000 1/kkg (1,200 gal/ton) of scrubber water were 
used to collect these wastes. Other smaller waste quantities of 
HCl and H3P03 generated from tank car and returnable container 
cleaning operations have been included in these quantities. 

These quantities are based on the most reliable data available at 
Plant 037, overall material balances of product PC13 shipped vs. 
elemental phosphorus received. These data, validated over long 
periods of time for profitability purposes, show a total loss of 
phosphorus trichloride of 5 kg/kkg (10 lb/ton). An estimated 
breakdown of this loss is: 








Transfer and Storage of Phosphorus, 
Reactor/Still Residues, 

Scrubber for Distillation Tail Gases, 
Transfer of PCI3, 


1.0 kg/kkq (2 lb/ton) 
0.1 kg/kkg (0.2 lb/ton) 
2.5 kg/kkq (5 lb/ton) 
1.0 kg/kkg (2 lb/ton) 


Other than the estimated loss of elemental phosphorus and the 
reactor/still residues, the losses which become water-borne raw 
wastes amount to 3.5 kg/kkg (7 lb/ton). Upon hydrolysis, this 
stoichiometrically becomes 3 kg/kkg (6 lb/ton) of HCl plus 2.5 
ka/kka (5 lb/ton) of H3P03. These materlal-balance data have 
been used because of thei7 long-term confirmation. Direct 
measurements of waste water flow rates and of waste water 
constituent analysis were not relied on in this case sin 
accurate flow rate measurements were not possible in the existing 
plant configuration and since no statistically meaningful 
analytical data had been collected. The acid wastes from "ashing 
tank cars and tank trucks and from washing used POCll f 
elements are very small at present. Water use data taken J*?™ 
Plant 037, supplemented by an independent analysis of the waste 
water, yielded the results in Table 8. Total raw waste generated 
in truck-loading, in tank-car cleaning, and in f1 
washing is 0.014 kg/kkg (0.028 lb/ton) of HCl plus 0.003 kg/kkg 
(0.007 lb/ton) of total phosphates. 

Phosphorus Oxychloride Manufacture 

The water scrubber for the distillation operation in the standard 
process (using P205 and C12) typically collects 1.5 kg of HCl 
(anhydrous basis) and 0.25 kg of H3P04 (100 percent basis) per 
kkg of product POC13 (3 lb/ton and 0.5 lb/ton), and the scrubber 
for POC13 transferring collects about 0.2 kg of HCl and g 

of H3P04 per kkg of product (0.4 lb/ton and 0.3 lb/ton). 

Allcrfinq for small wastes from returnable container cleaning 
operaiioni? the standard raw waste load is 2 kg of HCl and 0 5 Kg 
of H3P04 per . kkg of product (4 lb/ton and 1 lb/ton). 

Approximately 2,500 1/kkg (600 gal/ton) of wa1 ;® r ar ® ®? 

that the raw waste concentrations are 800 mg/1 HCl and 200 mg/1 

H3P04. 

The source of the above data on raw waste loads was Plant 147 
records and plant personnel analysis of these records. ^ in¬ 
dependent verification of these results was not judged valia 
since at this plant neither an accurate determination of waste 
water flow rate nor the collection of a distinct iwaste water 

sample from each unit operation contributing to the waste load 
was practical, and since statistically valid background data were 
not at hand. 

These waste quantities for POC13 manufacture are somewhat smaller 
than for PC13 manufacture since POC13 is less volatile (boiling 
point 107°cf. In the batch process, the refluxing liquid is all 
PC13 at the start, but becomes increasingly richer in pocij. 
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TABLE 8 


Minor Wastes from Plant 0 37 (PC13 and POC1 3) 


Truck-Loading Tank Car Filter Element 
Vent Cleanout Washout 



— 

Scrubber 

Water 

Drum 

Water Use: 

1 /kkg 

8.8 

10.5 

0.46 


gal/ton 

2.1 

2.5 

0.11 

Constituent Analysis, mg/1: 
Chloride 

340 

715 

6,480 


Total P04 

260 

26 

590 


Total Acidity 

660 

- 

18,200 

Raw Waste 

Load, kg/kkg: 
Chloride 

0.0030 

0.0075 

0.0030 


Total P04 

0.0023 

0.0003 

0.0003 


Total Acidity 

0.0058 

— 

0.0083 

Raw Waste 

Load, lb/ton: 
Chloride 

0.006 

0.015 

0.006 


Total P04 

0.005 

0.001 

0.001 


Total Acidity 

0.012 

— 

0.017 
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The air-oxidation process presents a much more difficult task for 
the reflux condenser, since the vapors are highly diluted with 
non-condensibles. With the use of refrigerated condensers, 
however, the measured raw waste load is no different for this 
process. At Plant 037, data collected over three months from the 
reactor/still scrubber for POC13 manufacture, which had an 
estimated flow rate of 1,800 1/kkg (430 gal/ ton), had average 
net values of: 

Chloride 669 mg/1 

CaC03 acidity 1,213 mq/1 

These data reduce to a raw waste of 1.2 kg/kkg (2.4 lb/ton) of 
Hcl plus 0.35 kg/kkg (0.7 lb/ton) of H3P04, which are extremely 
close to the corresponding values for Plant 147. 


Where product POC13 is filtered, the used filter elements are 
first washed to hydrolyze the residual POC13. Disposable ele¬ 
ments are then landfilled. The quantity of filtered solids 
retained on the elements is only a very small fraction of the 
weiqht of the used element. The elements are washed in a 55- 
qallon drum, so that a very small quantity of waste water (and of 
acid wastes) is involved compared to the scrubber waste load. 
Although there is no continuous withdrawal of residues from POC13 
distillations, very little residue accumulates. Twice a year 
this residue (mostly glassy phosphates) is washed out with hot 

water. 


The non-contact cooling water requirement for P0C13 manufacture 
by either the standard or the alternate method is approximately 
50,000 1/kkg (12,000 qal/ton). 

Variability of Raw Wastes from the Production of Phosphorus 
Trioxide and Phosphorus Oxychloride 


The data below indicate the variability of concentrations in the 
raw waste load at Plant 037. 


rate (1 57.J) 


Cayoj ftri niv. piQ/1 


2/27 

1170 

2/28 

1220 

3/1 

1720 

8/19 

950 

6/23 

480 

6/29 

950 

9/25 

1930 

6/26 

1250 

6/27 

1300 

6/30 

1120 

5/1 

1970 

5/2 

1690 

5/3 

280 

5/9 

1360 

5/7 

1810 

5/8 

1220 

5/9 

1296 


560 
603 
922 
UU 7 
305 
5 32 
951 
5B9 
1035 
518 
1090 
716 
773 
603 
1000 
579 
71b 


Kean 

Std. Deviation 
Std. Deviation 
95* conf. lnt. 
(Sinqle D..y» 


1217 

389 

389 

♦ Plu 


697 

208 

208 

♦ 991 
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In this case, there was no damping capacity; the acidity and 
chloride concentrations were closely coupled to the manufacturing 
process. The comparison of the 95% confidence intervals with the 
daily data show only one point of 17 (for acidity) and no points 
outside (for chloride). 

Based on these very limited samples of data, it appears that the 
classical statistics may be applied, but with extreme caution. 

For the above sets of data from Plant 037, a value of (X ♦ 30)/ X 
might represent a maximum allowable daily reading as a multiple 
of the mean; 

Parameter (X + 30) / X 

Acidity Concentration 1.95 
Chloride Concentration 1.91 

This maximum allowable value would be extremely liberal, since a 
Students "t" value of 3 is equivalent to less than one reading in 
100 being unduly rejected. To be even more liberal (since the 
data base for this analysis is extremely skimpy), the maximum 
value from the above table will be assumed, so that the effluent 
limitation guideline for the manufacture of PC13 and P0C13 should 
be a maximum daily value no greater than twice the mean (as 
represented by consecutive 30-day averages). 

pH can be controlled much more closely than other parameters. 
Hence, it is recommended that the pH limitation be met at all 
times. 
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TABLE 9 


Summary of Raw Waste from Phosphorus-Concuminq Plants 



h 3 po 4 

(75") 

P 2°5 

D S 

2 b 5 

PCI 3 

P 0 CI 3 

Phossy Water: P 4 cone, ppm 

1,700 

1,700 

1,700 

1,700 

— 

1/kkg P 4 consumed 

580 

530 

580 

1 

580 

1 

~ — 

knPtf/kka P 4 consumed 

1 

1 


gal/ton P/i consumed 

140 

140 

140 

140 

• •* 

1b /ton P 4 consumed 

2 

2 1 

2 

2 


Process Water Wasted: 1/kkg Pdt 

— 

500 

30,000 

5,000 

2,500 

gal/ton Pdt 

““ 

120 

7,200 

1 . .00 

600 

Paw V'u-ste Load, kg/kkg Pdt: 






HC 1 

— 

— 


Li 

2 

H 2 S0 3 

— 

-- 

1 

— • 


H 3 PO 3 + H 3 PO 4 

1 ! 

0.25 

0.5 

2.5 

0.5 

Raw Waste Load, lb /ton D dt: 






I1C1 

-- 

- - 

- ~ 

6 

4 

H 2 SO 3 

— 

-- 

2 


1 

H 3 PO 3 + H 3 PO 4 

2 

0.5 

1 

5 

Concentrations, mg/l: HC1 

— 

— 


600 

800 

H 7 SO 3 

H 3 P0 3 + H 3 PO 4 

High 

470 

34 

17 

500 

200 

Process Water Consumed* 

330 





1/kkg Pdt. 





gal/ton Pdt 

32 


" *“ 



Cooling .,jter Used: 1/kkg Pdt 

91,000 

29,000 

16,600 

54,000 

50,000 

gal/ton Pdt 

22,000 

7,000 

4,000 

13,000 

in,000 

Solid Wastes, kg/kkg Pdt: 



0.05 

, 0.05 


As Compounds 

0.1 

-- 


Total Residues 


- - 

0.7 

0.05 

mam 

Solid Wastes, lb /ton Pdt: 



0.1 

0.1 


As Compounds 

0.2 

-- 

<0.1 

Total Residues 

" 

1 

1.4 

mm 
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The Phosphate Subcategory 

The aqueous wastes from this segment of the industvy arise from 
the use of wet dust scrubbing equipment for the finely divided 
solid products, and from processes which use excess process water 
which may become a waste stream. 

Sodium Tripolyphosphate Manufacture 

Exemplary Plants 006, 042, and 119 have no process wastes. The 
dust collected from the spray dryer gaseous effluent stream is 
added to the spray dryer solid product stream. The water used 
for subsequent scrubbing of this gas stream from the spray dryer 
is then recycled to the mix area and is used as process water in 
the neutralization step. The cooling air used for the product 
tempering is vented into the spray dryer vent line upstream of 
the scrubbing operation. 

The neutralization step requires a total of 1,040 1/ kkg (250 
gal/ton), of which 290 1/kkg (70 gal/ton) are recycled from the 
scrubber. Make-up water, 750 1/kkg (180 gal/ton), is added since 
wa'' 0 *" is evaoorated in the product drying step. The make-up 
water is softened, and regeneration of the softener combined with 
boiler and cooling tower blowdowns amounts to 210 1/kkg (50 
gal/ton), 70 percent of which is from water treatment 
regeneration and 30 percent from blowdowns. These blowdown 
wastes typically contain 1,500 mg/1 of dissolved chlorides. 

Calcium Phosphates 

The raw aqueous wastes from the manufacture of food grade calcium 
phosphates are from two primary and approximately equal sources: 
the centrate of filtrate from dewatering of the dicalcium 
phosphate slurry and the effluent from wet scrubbers which 
collect airborne solids from product drying operations. Both of 
these sources contain suspended, finely-divided calcium phosphate 
solids. It is normal practice in an integrated plant to 
partially recycle the scrubber water and to partially use the DCP 
centrate or filtrate as make-up scrubber water, as at Plant 003. 
The total raw wastes from this system are typically 4,200 1/kkg 
(1,000 gal/ton) containing 100 kg/kkg (200 lb/tor) of solids ;a 
concentration of 2.4 percent). An additional 30 kg/kkg (60 
lb/ten) of dissolved solids (0.7 percent of this waste stream) 
originates from phosphoric acid mists in the scrubbers and from 
excess phosphoric acid in the reaction liquid. 

For non-food grade dicalcium phosphate plants, the water scrubb¬ 
ers which collect airborne solids normally operate at partial 
recycle. Since there is no waste from a dewatering operation, and 
since dry dust collection typically precedes wet scrubbing, the 
raw wastes are considerably smaller than for the food grade 
operation. Dry dust collection is typical since only one or two 
products are made, so that the collected solids may be added 
directly to the product stream without extensive segregation. 
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Moreover, since purity requirements are considerablyless:severe, 
the product stream can tolerate such additions. With the above 
measures, the wet scrubber wastes are typically 420 1/kkg (100 
gal/ton) containing 22.5 kg/kkg (45 lb/ton) of suspended solids 
% concentration of 5 percent) plus 4 kg/kkg (8 lb/ton) of 
dissolved phosphates from acid mists (0.7 percent) . At Plant 
182, this bleed stream from the wet scrubber recirculation system 
is charged directly to the neutralization reactor; hence, this 
plant had no discharge. As an added feature, this notable plant 

used cooling water blowdown as make-up to the airborne-solids 

scrubbing system, thereby eliminating all aqueous discharges 
(except for the effluent from regeneration of the water 

softener). 

For the non-food grade plants, however, acid defluorination is an 
additional source of raw wastes (unless already defluorinated 
acid is delivered to the plant). Wet-process phosphoric acid (54 
percent P205) contains approximately 1 percent fluorine. Upon 

silica treatment, 13.5 kg per kkg of acid (27 lb/ton),- J-°«5 kg 
of silicon tetrafluoride product dicalcium phosphate dihydrate 
(21 Ib/ton), are liberated. When hydrolyzed in the 
scrubber, the raw waste contains 12 kg/kkg product (24 lb/ton) o 
combined fluosilicic acid (H2SiF6), hydrofluoric acid (HF) and 
silicic acid (H2Si03). These raw wastes are contained in a 
scrubber water flow of 6,300 liters/ kkg (1,500 qal/ton), so that 
the combined concentration of fluosilicic acid, hydrofluoric aci 
and silicic acid is 1,900 mg/1. For any plant manufacturing 

calcium phosphates of any grade, non-contact cooling water is 
used in reactors and/or in dried product coolers. 

Other possible sources of aqueous wastes are regeneration of 
water softeners and storm water runoff (all exterior surface^ of 
calcium phosphate plants become coated with fine lime and/or 
phosphate dusts). 

In dry product plants, a significant housecleaning effort must be 
continually maintained. In non-food grade calcium phosphate 
plants, the dry product sweepings (from dust, spills, etc.) a^e 
added to the process stream. In food grade plants, however, the 
sweepings (consisting of lime, lime grit, and calcium 
are wasted. Typically, this solid waste amounts to 10 kg/kkq (20 

lb/ton). 
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TABLE 10 

Summary of Raw Wastes from Phosphate Plants 


Food Grade Animal Feed 



Sodium 

Calcium 

Phosphates 

Calcium 

Phosphates 


Tripoly- 

Phosphate 

Dewaterinu 

Solids 

Scrubbinq 

Acid Doflu- Solids 

orination Scrubbinq 

Process Water wasted: 

1/kkg Pdt 

0 

2,100 

2,100 

6,300 

420 

gal/ton Pdt 

0 

500 

500 

1,500 

100 

Raw Waste Load, 
kg/kkg Pdt: 

TSS 

- 

50 

50 

- 

22.5 

Dissolved P04 

- 

15 

15 


4 

HF, H2SiF6, H2Si03 

- 

- 


12 

— 

Raw Waste Load, 
lb/ton Pdt: 

TSS 

- 

100 

100 

- 

45 

Dissolved P4 

- 

30 

30 

- 

8 

HF, H2SiF6,~H2Si03 

- 


- 

24 


Concentrations, mg/1: 

TSS 

- 

24,000 

24,000 

- 

54,000 

Dissolved P04 

- 

7,000 

7,000 

- 

7,000 

HF, H2SiF6, H2Si03 

- 

- 

- 

1,900 

— 

TDS, mg/1 

- 

7,000 

7,000 

1,900 

7,000 

Solid Wastes: 

kg/kkg Pdt 

0 


10 

— 

• 

ib/ton Pdt 

0 


20 

— 
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SECTION VI 

SELECTION OF POLLUTION PARAMETERS 


INTRODUCTION 

section V of this report quantitatively discussed th ® 
generated in the phosphate manufacturing Indus t , s process 

were identified as being constituents of the indu y p 

waste waters: 

Suspended Solids 

Phosphate and Elemental Phosphorus 

Sulfates and Sulfites 

Fluoride 

Chloride 

Dissolved Solids 

pH, Acidity and Alkalinity 

Temperature 

Arsenic _ ,, 4 

Vanadium, Cadmium, and Radioactivity 


The following discussion examines each of the above 
and their impact on receiving 

physical and a biological viewpoint. Additional 
such as hexavalent chromium, iron, alkalinity, 
which are of typical concern whenever blowdoiwns 
towers, boilers and water treatment h ^ e 

noted here but are not discussed in detail in this 
deals more specifically with the process wastes of 

industry). 


constituents 
a chemical a 
constituents 
and hardness, 
from cooling 
involved, are 
study (which 
the phosphate 


PROPERTIES OF THE POLLUTANTS AND POLLUTANT PARAMETERS 
biolcr ical^properties^of ^e^Unts 

that ^hese^parameters^exhibit^or U indicate*are C stated? r giving 
reason to why they were selected. 


TOTAL SUSPENDED SOLIDS 

suspended solids include both organic and inorganic materials^ 
The inorqanic components include sand* silt, an y 

as? srs^s s-s-sr “SHvirSr a 

rapidly ”anf' often a mixture of both organic 
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ground of fish. Deposits containing organic materials may also 
deplete bottom oxygen supplies and produce hydroaen sulfide, 
carbon dioxide, methane, and other noxious gases. 

In raw water sources for domestic use, state and regional 
agencies generally specify that suspended solids in streams shall 
not be present in sufficient concentration to be objectionable or 
to interfere with normal treatment processes. Suspended solids 
in water may interfere with many industrial processes, and cause 
foaming in boilers, or encrustations on equipment exposed to 
water, especially as the temperature rises. Suspended solids are 
undesirable in water for textile industries, paper and pulp, 
beverages, dairy products, laundries, dyeing, photography, 
cooling systems and power plants. Suspended particles also serve 
as a transport mechanism for pesticides and other substances 
which are readily sorbed into or cnto clay particles. 

Solids may be suspended in water for a time and then settle to 
the bed of the stream or lake. These settleable solids 
discharged with man's wastes may be inert, slowly biodegradable 
materials, cr rapidly decomposable substances. While in 
suspension, they increase the turbidity of the water, reduce 
light penetration and impair the photosynthetic activity of 
aquatic plants. 

Solids in suspension are esthetically displeasing. When they 
settle to form sludge deposits on the stream or lake bed they are 
often much more damaging to the life in water, and they retain 
the capacity to displease the senses. Solids, when transformed 
to sludge deposits, may do a variety of damaging things, 
including blanketing the stream or lake bed and thereby 
destroying the living spaces for those benthic organisms that 
would otherwise occupy tne habitat. Organic solids of a 
decomposable nature use a portion or all of the dissolved oxygen 
available in the area. Organic materials also serve as a 
seemingly inexhaustible food source for sludgeworms and 
associated organisms. 

Turbidity is principally a measure of the light absorbing 
properties of suspended solids. It is frequently used as a 
substitute method of quickly estimating the total suspended 
solids when the concentration is relatively low. 


PHOSPHORUS 

During the past 30 years, a formidable case has developed for the 
belief that increasing standing crops of aquatic plant growths, 
which often interfere with water uses and are nuisances to man, 
frequently are caused by increasing supplies of phosphorus. Such 
phenomena are associated with a condition of accelerated 
eutrophication or aging of waters. It is generally recognized 
that phosphorus is not the sole cause of eutrophication, but 
there is evidence to substantiate that it is frequently the key 
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element in all of the elements required by fresh water plants and 
is generally present in the least amount relative to need. 
Therefore, an increase in phosphorus allows use of other, already 
present, nutrients for plant qrowths. Phosphorus is usually 
described, for this reason, as a “limiting factor." 

When a plant population is stimulated in production and attains a 
nuisance status, a large number of associated liabilities are 
immediately apparent. Dense populations of pond weeds make 
swjmming dangerous. Boating and water skiinq and sometimes 
fishing may be eliminated because of the mass of vegetation that 
serves as a physical impediment to those activities. Plant 
populations have been associated with stunted fish populations 
and with poor fishinq. Plant nuisances emit vile stenches, 
impart tastes and odors to water supplies, reduce the efficiency 
of industrial and municipal water treatment, impair beauty, 
reduce or restrict resort trade, lower waterfront property 
values, cause skin rashes to man during water contact, and serve 
as a desired substrate and breeding ground for flies. 

Phosphorus in the elemental form is particularly toxic, and 
subject to bioaccumulation in much the same way as mercury. 
Colloidal elemental phosphorus will poison marine fish (causing 
skin tissue breakdown and discoloration). Also, ohosphorus is 
capable of being concentrated and will accumulate in organs and 
soft tissues. Experiments have shown that marine fish will 
concentrate phosphorus from water containing as little as 1 ug/1. 


fitlT. FATES AND SULFITES 

Sulfites are oxidized to sulfates in streams, exerting a chemical 
oxygen demand on the streams. 

Sulfates are not particularly harmful, but are a major consti¬ 
tuent of the total dissolved solids in waste waters from this 
industry (and are discussed separately as such). 


FLUORIDE S ' 

As the most reactive non-metal, fluorine is never found free in 
nature. It is a constituent of fluorite or fluorspar (calcium 
fluoride) in sedimentary rocks and of cryolite (sodium aluminum 
fluoride) in igneous rocks. Owing to their origin only in 
certain types of rocks and only in a few regions, fluorides in 
high concentrations are not a common constituent of natural 
surface waters, but they may occur in detrimental concentrations 
in ground waters. 

Fluorides are used as insecticides, for disinfecting brewery 
apparatus, as a flux in the manufacture of steel, for preserving 
wood and mucilages, for the manufacture of glass and enamels, in 
chemical industries, for water treatment, and for other uses. 



Fluorides in sufficient quantity are toxic to humans, with doses 
of 250 to 450 mg giving severe symptoms or causing aeatn. 

There are numerous articles describing the effects c-f 
bearing 17 waters 01 dental enamel of children; these studies lead 
to « he generalization that water containing less than 0.9 to 1.0 
ma/1 of fluoride will seldom cause mottled enamel in children, 
and for adults, concentrations less than 3 or 4 mg/1 are not 
likely to cause endemic cumulative fluorosis and skeletal 
effects. Abundant literature is also available describing the 
advantages^ of maintaininq 0.8 to 1.3 m,/l of fluorrde ion in 
drinking water to aid in the reduction of dental decay, 
especially among children. 

Chronic fluoride poisoning of livestock has been observed in 
areas where water contained Id to 15 mg/1 fluona . 
Concentrations of 30 50 mg/1 of fluoride in the total 0 ride°?rSm 

dairy cows is considered the upper safe limit. Fluoride trom 
waters apparently does not accumulate in soft tissue to a 
signSiSaS Seqjee and it is transferred to a very small extent 
into the milk and tc a somewhat qreater degree into eqqs. Data 
for frlsh water indicate that fluorides are toxic to fish at 
concentrations higher than 1.5 mg/1. 


CHLORIDE 


Dissolved chlorides are a major constituent of the 
olved solids in waste waters from this industry 
cussed separately as such). 


total diss- 
(and are dis- 


Sodium and calcium chlorides are found 
waters, but are harmful to fish in high 


naturally in unpolluted 
concentrations. 


*rvw=. natural salinity of river water in the Chesapeake Estuary is 
Vll tS u” mg/Hf chloride; and the natural salinity of ocean 
water is 7,000 to 10,300 mg/1 of chloride. 


DISSOLVED SOLIDS 

In natural waters the dissolved solids consist mainly of 
carbonates, chlorides, sulfates, phosphates, and possibly 
nitrates of calcium, magnesium, sodium, and potassium, with 
traces of iron, manganese and other substances. 

Manv communities in the United States and in other countries use 

wa?er Applies containing 2000 to 4000 mg/1 of d i 3SOlv ^ sa1 ^; 
t ~ va^- 4 -or- water is available. Such waters are not 

palatable, may not quench thirst, and may have a laxative action 
II HfuHrs? water? containing more than 4000 m,/l oftot 
salts are generally considered unfit for human use, although in 
Hi Ilil”es 9 slch higher salt concentrations can be tolerated 
whereas they could not be in temperate climates. Waters 
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containing 5000 mg/1 or more are reported to be bitter and act as 
bladder and intestinal irritants. It is generally agreed that 
the salt concentration of good, palatable water should not exceed 

500 mg/1. 

Limiting concentrations of dissolved solids for fresh water fish 
may range from 5,000 to 10,00T mg/1, according to species and 
prior acclimatization. Some fish are adapted to living in more 
saline waters, and a few species of fresh water forms 
found in natural waters with a salt concentration of 15,000 to 
20,000 mg/1. Fish can slowly become acclimatized to higher 
salinities, but fish in waters of low salinity cannot survive 
sudden exposure to high salinities, such as those resulting from 
discharges of oil well brines. Dissolved solids may influence 
the toxicity of heavy metals and organic compounds to fish ana 
other aquatic life, primarily because of the antagonistic effect 
of hardness on metals. 


Waters with total dissolved solids over 500 mg/1 have decreasing 
utility as irrigation water. At 5,000 mg/1 water has little or 
no value for irrigation. 

Dissolved solids in industrial waters can cause foaming in 
boilers and cause interference with cleaness, color, or taste of 
many finished products. High contents of dissolved solids also 
tend to accelerate corrosion. 


Specific conductance is a measure of the capacity of water to 
convey an electric current. This property is related to the 
total concentration of ionized substances in water and water 
temperature. This property is frequently used in a substitute 
method of quickly estimating the dissolved soldids concentration. 


pH , ACIDITY AND ALKALINI TY 

Acidity is croduced by substances that yield hydrogen ions on 
hydrolysis and alkalinity is produced by substances that yield 
hydroxyl ions. The terms '’total acidity" and "total alkalinity 
are often used to express the buffering capacity of a solution. 
Acidity in natural waters is caused by carbon dioxide, mineral 
acids, weakly dissociated acids, and the salts of strong acids 
and weak bases. Alkalinity is caused by strong bases and the 
salt~ of strong alkalies and weak acids. 


The term pH is a logarithmic expression of the concentration of 
hydrogen ions. At a pH ox 7, the hydrogen and hydroxyl ion 
concentrations are essentially equal and the water is neutral. 
Lower pH values indicate acidity while higher values indicate 
alkalinity. The relationship between pH and acidity or 
alkalinity is not necessarily linear or direct. 


Waters with a pH below 6.0 are corrosive to water works 
structures, distribution lines, and household plumbing fixtures 
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and can thus add such constituents to drinking water as iron, 
copper, zinc, cadmium and lead. The hydrogen ion concentration 
can affect the .taste of the water. A*- a low pH water tastes 
sour. The bactericidal effect of chlorine is weakened as the pH 
increases, and it is advantageous to keep the pH close to 7. 
This fact is very significant for providing safe drinking water. 


Extremes of pH or rapid pH changes can exert stress or kill 
aquatic life outright. Dead fish, associated algal blooms, and 
foul stenches are esthetic liabilities to any waterway. Even 
moderate changes from "acceptable” criteria limits of pH are 
deleterious to some species. The relative toxicity to aquatic 
life of many materials is increased by changes in the water pH. 
Metalocyaniae complexes can increase a thousandfold in toxicity 
with a drop of 1.5 pH units. The availability of many nutrient 
substances varies with the alkalinity and acidity. Ammonia is 
more lethal with a higher pH. 


The lacrimal fluid of the human eye has a pH of approximately 
7.0, and a deviation of 0.1 pH unit from the norm may result in 
eye irritation for the swimmer. Enough irritation will cause 
severe pain. 


TEMPERATURE 

Temperature is one of the most important and influential water 
quality characteristics. Temperature determines those species 
that may be present; it activates the hatching of young, 
regulates their activity, and stimulates or suppresses their 
growth and development; it attracts, and may kill when the water 
becomes too hot or becomes chilled too suddenly. Colder water 
generally suppresses development; warmer water generally 
accelerates activity and may be a primary cause of aquatic plant 
nu5 jances when other environmental factors are suitable. 

Temperature is a prime regulator of natural processes within the 
water environment. It governs physiological functions in 
organisms and, acting directly or indirectly in combination with 
other water quality constituents, it affects aquatic life with 
each change. These effects include chemical reaction rates, 
enzymatic functions, molecular movements, and molecular exchanges 
between membranes within and between the'physiological systems 
and the organs of an animal. 

Chemical reaction rates vary with temperature and generally 
increase as the temperature is increased. The solubility of 
gases in water varies with temperature. Dissolved oxygen is 
decreased by the decay or decomposition of dissolved organic 
substances and the decay rate increases as the temperature of the 
water increases, reaching a maximum at about 30°C (36°F). The 
temperature of stream water, even during summer, is below the 
optimum for pollution-associated bacteria. Increasing the water 
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of the estuary that can be adversely affected by extreme 
temperature changes. 

ARSENI C 

Arsenic is found to a small extent in nature in the elemental 
form. It occurs mostly in the form of arsenites of metals or as 
pyrites. 

Arsenic is normally present in seawater at concentrations of 2 to 
3 uq/1 and tends to be accumulated by oysters and other 
shellfish. Concentrations of 100 mg/kg have been reported in 
certain shellfish. Arsenic is a cumulative poison with long-term 
chronic effects on both aquatic organisms and mammalian species, 
and a succession of small doses may add up to a final lethal 
dose. It is moderately toxic -to plants and highly toxic to 
animals especially as AsH3. 

Arsenic trioxide, which also is exceedingly toxic, was studied in 
concentrations of 1.96 to 40 mg/1 and found to be harmful in that 
range to fish and other aquatic life. Work by the Washington 
Deoartment of Fisheries on pink salmon has shown that a level of 
5.3 mg/1 of As203 for 8 days was extremely harmful to this 
species; on mussels7 a level of 16 mg/1 was lethal in 3 to 16 
days. 

Severe human poisoning can result from 100 mg concentrations, and 
130 mg has proved fatal.. Arsenic can accumulate in the body 
faster than it is excreted and can build to toxic levels from 
small amounts taken periodically through lung and intestinal 
walls from the air, water ar.d food. 

Arsenic is a normal constituent of most soils, with 
concentrations ranging up to 500 mg/kg. Although very low 
concentrations of arsenates may actually stimulate plant growth, 
the presence of excessive soluble arsenic in irrigation waters 
will reduce the yield of crops, the main effect appearing to be 
the destruction of chlorophyll in the foli^g" Plants grown in 
water containing one mg/1 of arsenic trioxides showed a 
blackening of the vascular bundles in the leaves. Beans and 
cucumbers are very sensitive, while turnips, cereals, and grasses 
are relatively resistant. Old orchard soils in Washington that 
contained 4 to 12 mg/kg of arsenic trioxide in the top soil were 
found to have become unproductive. 


VANADIUM 

Metallic vanadium does not occur free in nature, but minerals 
containing vanadium are widespread. Vanadium is found in many 
soils and occurs in vegetation grown in them. Vanadium adversely 
effects some plants in concentrations as low as 10 mg/1. 
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Vanadium as calcium vanadate can inhibit the growth of chicks, 
and in combination with selenium increases mortality in rats. 
Vanadium appears to inhibit the syntnesis of cholesterol and 
accelerate its catabolism in rabbits. 

Vanadium causes death to cccur in fish at low concentrations. 
The amount needed for lethality depends on the alkalinity ot the 
water and the specific vanadium compound present. The common 
bluegill can be killed by about 6 ppm in soft water and 5S ppm in 
hard water when the vanadium is expressed as vanadryl sulfate. 
Other fish are similarly affected. 

Specific conductance is a measure of the capacity of water to 
convey an electric current. This property is related to the 
total concentration of ionized substances in water and water 
temperature. This property is frequently used as a substitute 
method of quickly estimating the dissolved solids concentration. 


CADMIUM 


Cadmium in drinking water supplies is extremely hazardous to 
humans, and conventional treatment as practiced m the United 
States does not remove it. Cadmium is cumulative in the liver, 
kidney, pancreas, and thyroid of humans and other animals. A 
severe bone and kidney syndrome in Japan has been associated with 
the ingestion of as little as 600 ug/day of cadmium. 

Cadmium is an extremely dangerous cumulative toxicant, causing 
insidious progressive chronic poisoning in mammals, tisn, ana 
probably other animals because the metal is not excreted. 
Cadmium could form organic compounds which might lead to 
mutagenic or teratogenic effects. Cadmium is known to have 
marked acute and chronic effects on aquatic organisms also. 

Cadmium acts synergistically with other metals. Copper and zinc 
substantially increase its toxicity. Cadmium is concentrated by 
marine organisms, particularly molluscs, which accumulate cadmium 
in calcareous tissues and in the viscera. A concentration fa 
of 1000 for cadmium in fish muscle has been reported, as have 
concentration factors of 3000 in marine plants, and up 
in certain marine animals. The eggs and larvae o f fish^ are 
apparently more sensitive than adult fish to poisoning y 
cadmium, and crustaceans appear to be more sensitive than fish 
eggs and larvae. 


RADIOACTIVIT Y 


Ionizing radiation, when absorbed in living tissue in quantities 
substantially above that of natural background leveis, is 
recognized as injurious. It is necessary, therefore, to prevent 
excessive levels of radiation from reaching any living organism. 
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humans, fishes, and invertebrates. Beyond the obvious fact that 
including they emit ionizinq radiation, radioactive wastes are 
similar in many respects to other chemical wastes. Kan's senses 
cannot detect radiation unless it is present in massive amounts. 
Plants and animals, to be of any significance in the cyclinq .of 
radionuclides in the aquatic environment, must accumulate the 
radionuclide, retain it, be eaten by another orqanism, and be 
digestible. However, even it an organism accumulates and retains 
a radionuclide and is not eaten before it dies, the radionuclide 
will enter the "biological cycle" through organisms that 
decompose the dead organic material into its elemental 
components. Plants and animals that become radioactive in this 
biological cycle can thus pose a health hazard when eaten by man. 


Aquatic life may receive radiation from radionuclides present in 
the water and substrate and also from radionuclides that may 
accumulate within their tissues. Humans can acquire 
radionuclides through many different pathways. Among the most 
important are through drinking contaminated water and eating fish 
and shellfish that have concentrated nuclides from the water. 
Where fish or other fresh or marine products that have 
accumulated radioactive materials are used as food by humans, the 
concentrations of the nuclides in the water must be further 
restricted, to provide assurance that the total intake of radio¬ 
nuclides from all sources will not exceed the recommended levels. 


In order to prevent unacceptable doses of radiation from reaching 
humans, fish, and other important organisms, the concentrations 
of radionuclides in water, both fresh and marine, must be 
restricted. 


CONCLUSION 

In view of the data presented above, it is judged that all of the 
mentioned waste constituents generated in the phosphate industry 
should be identified as pollution parameters as defined in the 
Federal Water Pollution Control Act Amendments of 1972. 

In the paragraphs above, the harmful characteristics are qiven of 
all the parameters that are encourtered in the phosphate 
manufacturing point source category. Table 11 summarizes the 
parameters found for each chemical. 

Althouqh many parameters appear in the waste streams from these 
plants, only those primary parameters signified by "x" need be 
used to set effluent standards. 

The remaining parameters signified by zeros are adequately 
treated if the primary parameters are so treated. 
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CaHP0 4 (food grade) 


















SECTION VII 

CONTROL AND TREATMENT TECHNOLOGY 


INTRODUCTION 

Section V of this report quantitatively tnJ^aiTwastes from this 
water uses in the phosphate ^%« y t *^tment of these wastes, 
industry before control and/or wastes which 

section VI . ^T^oollSantsS* 11 summarizes the pollutant 
constituents^found Ss raw washes in each of the three seqments of 
the industry. 

Two major observations may be made from table 11: 

1. Classical sanitary engineering P^^^^ deducing 
containing organic material naDplica ble to the phosphate 

biological oxygen demand are i ^ pl DOllutant constituents are 
manufacturing industry, fleant ‘factor. Hence, control 

usually very low and not a sign industry are of the chemical 

ss 

centrifugation^ion^exchange, demineralization, evaporation and 

drying. 

2 . a limited number of pou^an^constituents characterizes the 

?ndSri? dUS HS«? r ?he 1 control and treatment techniques should be 
similar throughout the industry. 

in this section of the «port the control^.and ^reatment.^tech- 
nology is discussed in abatement practice in the 

industry' 8 a^the “ac^Ushments of independently verified 
sampling data of plant effluents. 

IN-rPROCESS CONTROLS 

mSnitoiin! ^Xues/'la^y P»«p^” h ^^^*" COnt ' li,, ‘ 
ment provisions and segregation practices. 

Segregation of Water streams 

probably the most important waste control ^chnigue particularly 

for subsequent treatment feasibility 

segregation. 

incoming pure water picks up contaminants from various uses and 
sources including: 


• /' / 
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1. non-contact cooling water 

2. contact cooling water 

3. process water 

4. washings, leaks and spills 

5. incoming water treatments 

6. cooling tower blowdowns 

7. boiler blowdowns 


If wastes from these sources are segregated logicall y , their 
treatment and disposal may sometimes be eliminated entirely 
throuqh use in other processes or recycle. In many instances, 
the treatment costs, complexity and energy requirements may be 
siqnificantly reduced. Unfortunately, it is a common .ractice 
today to blend small, heavily contaminated streams witft larqe 
non-contaminated streams such as cooling water effluents. Once 
this has been allowed to happen, treatment costs, enerqy 
requirements for these treatments, and the efficient use of water 
resources have all been compromised. 


In general, plant effluents can be segregated into: 


1. Non-contaminated Cooling Water, 
contact water has no waste pickup. It 


Except for leaks, non 
is usually high volume. 


2. Process Water. Usually contaminated but often small volume 


3. Auxiliary Streams. Ion exchange regenerants, cooling 
blowdowns, boiler blowdowns, leaks, washings - low volume 
often highly contaminated. 


tower 

but 


Althouqh situations vary, the basic segregation principle is 

don't mix large uncontaminated cooling water streams with a 
smaller contaminated process and auxiliary streams before full 
treatment and/or disposal. It is almost always easier and more 
economical to tree? and dispose of the small volumes 
effluents - capital costs, energy requirements, and operating 

costs are all lower. 


In the phosphorus chemicals industry, many plants have accom¬ 
plished the desired segregation of water streams, 
painstaking rerouting of sewer lines which have existed for many 
years. Among these plants which are notable in this respect ar 
Plants 003, 037, 042, 075, and 182. 


Recycle of Scrubber Water 

The widespread use of water for scrubbing of tail gases in this 
industry has unfortunately led to many examples where the us ® ° 
once-through scrubber water is the method of operation. However, 
there are^ several plants notable in this respect which recycle 
scrubber water from a sump, thus satisfying the scrubber water 
flow rate demands (on the basis of mass transfer considerations) 
while retaining control of water usage. These notable plants are 
TVA (Muscle Shoals, Alabama), and Plants 003 and 182. 
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Recycle of scrubber water P| r ^| water'^ith’muSh hlqhef concen- 
much smaller quantities of waste attributes make 

waste^water^treatment^more^conomical, and in some cases, more 

efficient, from a removal viewpoint. 

Dry Dust collection 

A drastic reduction in the * a ^® ho iles, ^alternatively? 

replacing wet scabbing systems with b d£ stream of wet scrubbers, 
by placing cyclone duot col ^ c h ,g es have recently been 
This approach is feasibie because bagh tion and maintenance 

improved in design to the point wher^ P^ ollection e tficiences 
costs are not excessiv., and where operating temperature 

exceed those of wet /S r ^f 8 l i ^: t emSratSe media develop- 
ranges have been extended with hig P® returned to the product 

men?. Dry collected solids “llector ts installed for each 
stream, Pf°viae a ^ at “ in approach for the typical multi- 

product. This is a ^ conventional practice has been to 

product phosphate plant, ® 2nd treatment functions across product 
centralize the collection and treatment recovered may 

signifleantly^contribute e to°alleviating the operating cost of the 

collectors. 

S a? n ieast S somfd S ry r ?usfcSue«ton Ot inc 1 i:de n p t lants r 00!. 006. 

042, 119, and 182. 

Housekeeping and containment 

containment and disposal requirements may be divided into several 
categories: 

1 . minor product spills and leaks 
2 maior product spills and leaks 
3 * upsets and disposal failures 

4 . storm water runoff 

5. pond failures 

6. vessel and container cleanout 
Minor Spills and Leaks 

There are minor spills and J^s^sVakt hosel^drip* equipment 
manufacturing operations. p ump seals , tank leaks 

is washed down, pipes and* q ^ pme SLselosses are not going to be 
occur, solids spill and so on. These ^ In som e cases 

; t o e ducts Th ^e Ca v n alu e abTe; i ii Z other cases, personnel safety and 
prevention of corrosion may be paramount. 

Reduction techniques ‘SSrnp* seller 

type^of^pumps^ar^changed? “Trl Selected for minimizing 
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drips. Pipe and equipment leaks are minimized by selection of 
corrosion-resistant materials. 


Containment techniques employ the use drip pans under pumps, 
valves, critical small tanks or equipment, and known leak and 
drip areas such as loading or unloading stations. Solids can be 
cleaned up or washed down. All of these minor leaks and spills 
should then go to a containment system, catch basin, sump pump or 
other area that collects and isolates all of them from other 
water systems. They should go from this system to suitable 
treatment facilities. 

Of special importance in the phosphorus consuming subcategory of 
the industry is the containment of phossy water from phosphorus 
transfer and storage operations. While displaced phossy water is 
normally shipped back to the phosphorus-producing facility, 
current practice in phosphorus storage tanks is to maintain a 
water blanket over the phosphorus for safety reasons. Make-up 
water is added resulting in the overflow of excess water. 

This method of level control is unacceptable since it results in 
the discharge of phossy water. One way to ensure zero discharge 
is to install an auxiliary tank to collect phossy water overflows 
from the phosphorus storage tank; this system can be closed-loop 
by reusing this phossy water from the auxiliary tank as make-up 
for the main phosphorus tank. This scheme preserves the positive 
safety features of the existing level control practice and also 
safeguards against inadvertent large discharges resulting from 
leaky or misadjusted water make-up valves. 

Major Product Spills and Leaks 

These are catastrophic occurrences with major loss of product, 
tank and pipe ruptures, open valves, explosions, fires, and 
earthquakes. 

No one can predict, plan for, or totally avoid these happenings, 
but they are extremely rare. Probably the most common of these 
rare occurrences is tank or valve failures. These can be handled 
with adequate dikes able to contain the tank volume. All c :id, 
caustic, or toxic material tanks should be diked to provide this 
protection. Other special precautions may be needed for 
flammable or explosive substances. Plant 037 is a prime example 
where product tanks and transfer pumps have been systematically 
diked for containment of spills. 

Upsets and Disposal Failures 

In many processes there are short term upsets. These may occur 
during startup or shutdown or during normal operation. The phos¬ 
phorus consuming subcategory and the phosphate subcateqory of 
this industry may be more vulnerable to this type of upset since 
so many of the processes are batch-type operations with much more 
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direct operator control then the large-scale automated continuous 
processes typically found in the chemical industry. 

These upsets represent a small portion of ° v etall. production but 
they nevertheless contribute to waste loads. The upset 
should be treated, separated, and largely .^cycled. In the 
that this can not be done, they must be disposed of. 

-ne very special problem in the phosphorus consuming subcategory 

been » SSjin- ££«- In¬ 

flow ing*^ 3 that sewer from that time on becomes contaminated With 
phosphorus. 

Provisions can be made for collecting, segregating and bypassing 

sr h sSfiSsr & t sssl ^on vessel*,^ 

thar^ra^af^r^'spnfhas^cSSd and thf offline removal and 
cleaning of the trap (with safe disposal of the phosphorus). 

Stormwater Runoff 

acceptable**^ tSe^dry Slff «2TS. Collected, where possible 
disposal of solid wastes must be provided. 

Plants 003, 042 and 182 are examples of P^"^ s ” hi thich aV minimise 
tive continual cleanup Pr°9f * consi a e rable credit to air 

pollutio^abatement ££&-> hive also minimized the quality of 
airborne dusts. 

The very practice of = 

?£e«mini y Li«te !s known from a quantitative standpoint about 
^rSveiit, of .iS w Pfoblem‘5? 
industry, or to ™at e hosphorus manufacturing segment 

T^he LdustTSire Inequalities of dusts are handled 
Plant^l59^collects approximately 10 kg/kkg (20 lb/ton in a 
settling pond for stormwater and non-contact cooling 
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Pond Failures 


Unlined ponds are the most common treatment facility used by the 
industry. Failures of such ponds occur because they are unlined 
and because they are improperly constructed for containment in 
times of heavy rainfall. 

Unlined ponds may give good effluent control if dug in impervious 
clay areas or poor control if in porous, sandy soil. The porous 
ponds will allow effluent to diffuse into the surrounding earth 
and water streams. This may or may not be detrimental to the 
area, but it is certainly poor waste control. Lined ponds are 
the only answer in these circumstances. 

Many ponds used today are large low-diked basins. In times of 
heavy rainfall, much of the pond content is released into either 
the surrounding countryside, or, more likely, the nearest body of 
water. Again, whether this discharge is harmful or not depends 
on the effluent and the surrounding area, but it does represent 
poor effluent control. 

Good effluent control may be gained by a number of methods, in-* 
eluding: 

1. Pond and diking should be designed to take the antici¬ 
pated rainfall; smaller and deeper ponds should be used 
where feasible. 

2. Control ponds should be constructed so that drainage 
from the surrounding area does not innundate the pond 
and overwhelm it. 

3. Substitution of smaller volume (and surfaced) treatment 
tanks, coagulators, or clarifiers can reduce rainfall 
influx and leakage problems. 

Vessel and Container Cleanout 

One common characteristic of the phosphorus consuming subcategory 
of the industry is the planned accumulation of residues in re¬ 
action vessels and stills, with infrequent shutdowns to clean and 
remove these residues. In many cases, the residues are washed 
down with firehoses and the wastes discharged. This practice is 
clearly unacceptable. One alternative is the diking of the area 
with collection and treatment of the aqueous wastes, in 
conjunction with an effort to minimize the quantity of washwater. 

A similar situation exists with regard to the cleaning of re¬ 
turnable containers (drums, tank trucks and tank cars) before re¬ 
use. Since these are routine operations, procedures and 
facilities must be made available for minimizing the quantity of 
waste water and for the collection and treatment of this waste 
water. 





Monitoring Techniques 

Since the chemical process ^"j US aoDlicStion° n of analytica^tech- 

SSSS and^alkalinity^are°detected C by^pH^meters, often installea 

in-line for continuous monitoring and control. 

Dissolved solids may ^ estimated by conductivity ^asureme^ 

and^colorimetric measurement Flow'meters of numerous varieties 
are available for measuring flow rates. 

The pH meter is the most c ° mm °"l y ^er contributions 1 become 
instrument b ^ u dSen pH Ganges alert the 

quickly evident. off plant shu tdowns or 

ritcwnq effluent to emergency ponds for 

coverage* in the contrtTnd ’"treatment sections for specific 
chemicals. 

Monitoring and control of harmful materials 

and arsenic is often so crltical that This 

used. Each batch can be analyzed Derore t through 

approach provides absolute con ro n critical, dissolved 
the system. Unless the proc?” « “" this Snows' from the 
solids are not monitored continuo ^ y^ ther iner t. chemical 

fact that most dissolved solids are ratn ^ commonly use a 

?S al el?abUsh ra to?al C °S?^olved solids, chlorides, sulfates, and 
other low ion concentrations. 

Summary 

in-plan^controlsl^The following 
measures recommended for each subcategory. 


as 
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TREATMENT OF WASTE WATERS IN THE PHOSPHORUS SUBCATEGORY 


Neutralization of Acidic Waste waters 

Virtually every manufacturing process in the phosphate industry 
results in a raw waste load of significant acidity. In some 
cases, advantace is taken of the availability of alkaline waste 
to at least partially neutralize the acid waste streams. 

At phosphorus producing plants, some neutralization of acidic 
calciner scrubber liquor is achieved by the alkaline slag or by 
the slightly alkaline slag quench liquor (see Table 7). At TVA, 
the slag is granulated by quenching with a high-velocity jet of 
calciner scrubber liquor plus process cooling water. The 
granulated slag (with its large surface area) effectively 
neutralizes the acidic liquors. At plants not granulating slag 
(Plants 028 and 181), the slightly alkaline slag quench liquors 
are mixed with the highly acidic scrubber liquors for partial 
neutralization'. 

Except for this one case where granulated slag is available, lime 
or limestone neutralization of acid waste streams is standard 
practice in this industry as observed at Plants 003, 006, 028, 
159, 181, and 182. The relative chemical costs reported by 
Downing, Kunin and Polliot(28), listed in Table 12, show that 
limestone or lime are far and away more economical than other 
neutralizing materials. Limestone is the lower cost material 
(approximately $ll/kkg ($10/ton)) but suffers the disadvantages 
of slower reaction and lower obtainable pH than lime. Lime costs 
approximately $22/kkg ($20/ton). 

With the exception of hydrochloric acid from PC13 and POC13 
manufacturing facilities, every acid waste in the phosphorus 
chemicals industry forms insoluble or slightly soluble calcium 
salts when treated with lime: 


Acid 


Calcium Salt _ Solubi li ty*, mg /1 


H3P04 

ii 

•• 

HF, H2SiF6 

H2Si03 

H2S04 

H2S03 

H3P03 


Ca(H2P04)2.H20, MCP 
CaHP04.2H20, _ DCP 
Ca3 (P04) 2~ TCP 
CaF2 
CasIo3 
CaS0472H20 
CaS03.2H20 
2 CaHP0373H20 


♦Between 17°C and 30°C. 


18,000 

200 

25 

16 

95 

2,410 

43 

(Slightly Soluble) 


It is readily apparent that lime treatment (with excess lime) not 
only neutralizes acidic waste waters from the phosphate 
manufacturing industry, but also demineralizes most waste waters 
by precipitating calcium salts. This then produces a solid waste 
which may be disposed of by landfilling. 



86 





TWiir 12 Relative Chemical Costs for Neutralizing Acid Wastes 
Source: Downing, Kunin and Polliot 


NI-IIVRAI I7IN('i MATT RIAL 

Relative 
Cost per 
Pound 
Alkali* 

Relative Weight *lkali 
Reouired Per Pound Acid 

Relative Cost 
Per Pound Acid 


h 2 so 4 

HC1 

H 3 P°4 

h 2 so 4 

HC1 

H 3 TO 4 


Lump 1 Ihios tone, high Ca 

Lump limestone, dolomitlc 

Pulv. limestone, high Ca 

1.16 

1.00 

1.59 

1.37 

no 

94 

no 

94 

148 

127 

148 

127 

165 

141 

165 

141 

n 


191 

141 

262 

193 

Hydrated lime, high Ca 

Hydrated lime, dolomitic 

Pebble lime, high Ca 

Pebble lime, dolomitlc 

Pulv. quicklime, high Ca 

3.06 

2.50 

2.0/ 

1.87 

2.18 

1.97 

79 

65 

r n 

54 

60 

54 

107 

87 

80 

73 

80 

73 

119 

98 

90 

81 

90 

81 


1 

364 

245 

186 

151 

196 

159 | 

Sodium bicarbonate 

20.65 

173 

233 

260 

3570 

4810 

5360 

Soda ash 

13.08 

119 

160 

179 

1560 

2090 

2340 

Caustic soda (50%) 

9.96 

164 

220 

246 

1630 

2190 

2450 

Ammonia (anhyd.) 

5.90 

35 

47 

53 

207 

277 

313 

Magnesium oxide 

3.90 

42 

56 

63 

164 

218 

246 


^Delivered cost including freight. 
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‘ The effectiveness of the control specified in the preceding 
paragraphs is summarized in Table 13 for four plants (TVA, 181, 
028 and 159). Data for plants 028 and 159 were taken from Tables 
14 and 15, which include a complete analysis on the intake and 
effluent waters. 

Removal of Anions (Except Chlorides) From Acidic Wastes 

Neutralization of acid waste waters with lime also precipitates 
the calcium salts of all acid wastes in this industry (with the 
exception of hydrochloric acid from PC13 and POC13 manufacture). 
This treatment is widespread throughout the phosphate 
manufacturing industry, and reoresents a class of treatment 
technology which has widespread validation and demonstration at 
plant-scale installations. 

Other technologies for removing dissolved solids (except chlor¬ 
ides) are also presented in this section, with a somewhat lesser 
degree of full-scale validation than lime treatment. 

Treatment of Acidic Fluoride Wastes 

Acidic fluoride wastes are generated by the phosphorus produc- 
segment of the industry and by the defluorination of wet-process 
acid in the manufacture of animal feed grade calcium phosphates. 
These waste waters containing large quantities of hydrofluoric, 
fluosilicic and silicic acids are neutralized with lime (which 
breaks down H2SiF6 at high pH) to precipitate calcium fluoride 
and gelatinous hydrated silica. Lime treatment is standard 
operating technology at Plants 128, 159, 181 and 182. 

Like lime treatment of phosphoric acid, lime treatment of acidic 
fluoride wastes is enhanced by the decreased solubility of CaF2 
at high pH: 

2H20 

CaF2 (S)->Ca +z ♦ 2F-H-> Ca +Z ♦ 20H ♦ 2HF 

The equilibrium is driven to the far left by the addition of 
excess lime. The theoretical solubility of CaF2 may be calcined 
in much the same manner as outlined for Ca3(P04)2, using the 
ionization constant of HF and the pure water solubility data for 
CaF2. 

There has been recent commercial interest in recovering the flu¬ 
oride values in acidic waste waters. Two commercial processes 
have been developed to manufacture hydrofluoric acid and one to 
manufacture synthetic cryolite for the aluminum industry. 

Removal of Suspended Solids 

The raw waste streams from the phosphorus producing segment and 
from the phosphata subcategory of the industry contain 
considerable quantities of suspended solids. Moreover, the 
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TABLE 13 Summary of Control & Treatment Techniques at Phosphorus 

Producing Plants 

(For Process Waters Other Than Phossy Water) 




Total 







Acidity 

(Alkal- 



Sulfate 

Total 

Phosphate 


TSS 

Inlty) 

TDS 

Fluoride 

Raw Waste Loads (from 







Sec. V) 





111 

25 

Kg/Kkg 

42.5 

54.5 

- 

53.5 

lb /ton 

85 


- 

107 

222 

50 

Waste Discharged, Kg/Kkg: 

■■ 






TVA 


0 

0 

0 

0 

0 

Plant 181 

mM, 

0 

0 

0 

0 

0 

Plant 028 (Net) 
Plant 159 (Gross) 


1 

(12) 

4 

22 

0.1 

0.04 

2 

3 

0.2 

0.8 

Waste Discharged, lb /ton: 

mm 






TVA 


0 


0 

0 

0 

Plant 181 

H 

0 

0 

0 

0 

0 

Plant 028 (Net) 

i 

3 

9 

0.2 

4 

0.4 

Plant 159 (Gross) 

i 

(24) 

45 

0.07 

7 

1.6 

Control & Treatment Effl- 

i 






clency, Per Cent: 







TVA 

Iff! 

100 

100 

100 

100 

100 

Plant 181 

r] 

100 

100 

100 



Plant 028 

11 

- 

- 

' 141 

- 12 

59 

Plant 159 

n 

- 

- 


m 

97 


89 
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TABLF 14 - Effluent from plant 028 (Discharge No. 001) 


Effluent Flowrate * 103-200 1/kkg (24,700 gal/ton) 


1. Tin's Discharge is from Cooling Water and Dust Collector Water. 

2 . There is Zero Discharge of Phossy Water and Calciner Scrubber 
Water 


-- 

— 

-— 


li 

Net Effluent 

Net Effluent 


Water 

& Waste;. 

ater Analysis 

Qty Kg/ICkg 

Qtv Lb /ton 




Effluent 

Effluent I 

1 

Inde- 

Plant 

Inde- 




Plant 

Ind. 

Plant 

pendent 

pendent 

Constituent 

Units 

Intake 

Data 

Data 

Data 

Data 

Data 

Data 

pH 



7.3-9 5 

7.55 

- 

- 

- 

- 

Turbidity 

FTU 

26 

32 

30 


- 

- 

- 

Conductivity 

yn.hos 

359 

4U3 

300 


- 

- 

• 


C'H 








TSS 

mg /1 

15 

15 

20 

- 

0.5 

0 

1 

TDS 

mg/i 

160 

202 

176 

4 

2 

9 

3 

CaCO^ 

Alkalinity 

mg /1 

116 

no 

130 

(- 1 ) 

1 

(- 1 ) 

3 

CaCO^ 

Acidity 

mg/l 


- 





- 

Chloride 

mg /1 

< 0.1 

4.1 

8 

0.4 

0.8 

0.9 

1 .6 

FUoride 

mg /1 

0.19 

1.14 

0 . 8 / 

0.10 

0.07 

0.20 

0.14 

Sul fate 

mg /1 

6.4 

13.8 

26 

1 °- 8 

2.1 

1.5 

4.1 


SO 4 





4.8 

COD 

mg /1 

2.0 

53.5 

25 

5.3 

2.4 

10.6 

Total 

Hardness 

mg /1 

116.7 

129.7 

160 

1 

4 

3 

8 

Total 

mg /1 


2.4 


0.12 


0.25 


Phosphate 

P0 4 

1.2 

• 



Ortho 

Phosphate 

mg /1 

P0 4 

1.2 

2.4 

2.9 

1 0,12 

0.18 

0.25 

0.35 
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TACLE 15 


Effluent from Plant 159 


Notes: 1. There is Zero Discharge of Phossy Water 

2. These data are Plant Data, Not Independently Verified 

Effluent Flowrate = 36,100 1/kkg (8,6^0 gal/ton) 




Water & Waste- 
water Analysis 

Gross Fffluent 
Quantity 

Net Eff 1 
Quanti 

uent 

ty 

Consti tuent. 

Units 

Treated 

Intake 

Effluent!; 

1! 

Kg/kkg 

lb /ten 

Kg/kkg 

1L> /ton 

pH 


7.5 

8.0-8.5 

- 

- 

- 

- 

Turbidity 

FTU 

<1 

11 j : 

- 

— 

• 


Conductivity 

pnhos 

Ciil 

966 

898 i 





TSS 

mg/1 

11 

15 

0.54 

1.08 

0.14 

0.29 

TDS 

mg/1 

617 

620 

22.4 

44.8 

0.11 

0.22 

CaCOj 

Alkalinity 

mg/1 

358 

323 

11.7 

23.4 

(-1.3) 

(-2.6) 

CaC 03 

Acidity 

mg/1 

- 

- 

- 


- 

•* 

Chloride 

mg/1 

50 

53 

1.9 

3.8 

0.11 

0.22 

Fluoride 

mg/1 

0.84 

1.01 

0.04 

0.07 

0.0061 

0.0122 

Sulfate 

mg/1 

S0 4 

91.5 

90.0 

3.2 

6.5 

(-0.054) 

(- 0.103) 

COD 

mg/1 

- 

6 

- 

0.2 

0.22 

0.43 

Total 

Hardness 

mg/1 

465 

468 

j 16.9 

33.8 

0.11 

0.22 

Total 

Phosphate 

mg/1 

P0 4 

18.0 

22.4 

0.8 

1.6 

0.16 

0.32 

Ortho 

phosphate 

mg/1 

15.9 

19.3 

1 °* 7 

1.4 

0.12 

0.24 
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chemical treatment of acidic wastes described in the previous 
section produced in many instances additional suspended colids. 

To facilitate settling of suspended solids, large quiet settling 
ponds and vessels are needed. Settling ponds are the foremost 
industrial treatment for removing suspended solids. They are in 
use at Plants 006, 028, 119, 159, 181 and 182. Removal of 
suspended solids generates a solid waste effluent which must be 
disposed of by landfilling. 

The size and number of settlino ponds differ widely depending on 
the settling functions required. Waste streams with small 
suspended solids loads and fast settling characteristics can be 
cleared up in one or two small ponds; others with heavier 
suspended solids loads and/or slower settling rates may require 5 
to 10 large ponds. Most settling ponds are unlined, but tie 
technology exists for lined ponds. 

Although not as widely used as settling ponds, tanks and vessels 
are also employed for removal of suspended solids in the 
phosphate manufacturing industry. They are in use at TVA (Muscle 
Shoals, Alabama) and at Plants 003, 006, 028 and 159. 

Commercially these units are listed as clarifiers or thickeners 
depending on whether they are light or heavy duty. They also 
have internal baffles, compartments, sweeps and other directing 
and segregating mechanisms to provide more efficient performance. 
This feature plus the positive containment and control and re¬ 
duced rainfall influence (smaller area compared to ponds) should 
lead to increasing use of vessels and tanks in the future, espec¬ 
ially where a plant is short of available land for settling 
ponds. 

Filtration equipment, such as plate-and-frame pressure filters, 
pressure or vacuum leaf filters, rotary vacuum filters, and 
pressure tubular filters, has been widely used in the chemical 
and waste treatment field for many years. The batch-type filters 
find most use in polishing applications to completely remove 
small quantities of suspended solids, since the labor-intensive 
' blowdown operation is dependent on cake volume. These filtra- 
tions are common for collection of undesirable solid wastes, such 
as arsenic sulfide from food grade phosphoric acid. Continuous 
rotary vacuum filters find qeneral applicability in dewaterinq 
sludges with high concentrations of solids. Sand bed filtration 
also finds increasingly widespread use. 

Filtration is in use at Plants 006, 075 and 119. In general, 
filtration is not economically attractive for huqe quantities of 
waste water (except for sand bed filtration). It is usually 
preceded by a qravity thickening operation so that it treats the 
thickened sludge which is only a small volumetric percentage of 
the total waste water flow. 
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Centrifuqation, in use at Plant 003 and at the TVA installation, 
is an alternative means for mechnical dewatering ^relatively 
low flow rate sludqes, and has made major recent ° ^ 

domestic waste water treatment field. The continuous solid bowl 
centrifuge, as its name implies, provides for continuous removal 
of the cake, and its design reaches a compromise between so Lids 
recovery and cake drynesl. The basket solid-bowl centrifuge, on 
£he other hand, dischargee cake intermittently, and the 
dewaterinq and cake-drying portions of the cycle may he 
separately controlled. Perforated-bowl centnfuaes are really 
centrifuqal filters. The solid-bowl machine., of ^? r tl ? e 
significant advantage over filters that blinding of a medium is 
removed as a problem area. 

Dewatering of Lime-Precipitated Phosphates 

Although (as oreviously discussed) lime can be used to effec¬ 
tively precipitate phosphates from solution to reduce the con 
centration to 0.3 mg/1 or less (as P04) , the lime-precipitated 
phosphates do not dewater readily, but form trapping gel 

structure. After 24 hours of settling, clarified effluents still 
may have 15 to 50 mg/1 of suspended solids. This condition can 
be Y significantly improved by increasing the detention " - 
davs but the suspended solids content may still g 

qreater. In the phosphate manufacturing industry, settling ponds 
III*V iays or longer detention times (equivalent to .» °» I flow 

rate of «20 1/day/m* ,10 gpd/ft*| at a nomrnal depth of 3 m |10 
f+M are used. It has been reported that the settling 
characteristics are strongly dependent on the initial 
concentration of phosohate ion. An initial concentration o 
7 T.O00 mg/1 resumed in a compacted settled slurry density 3 to 5 
times higher than if the initial concentration was 1,500 mg/1. 

where sufficient land area for large settling ponds is not avail- 
awl? avenge removal efficiencies of 80 to 95 percent have been 
obtained with mechanically raked gravity thickeners. A typical 
thickener design has a 2-hour detention time and an overflow rate 
of 42,000 1/day/m 2 (1,000 gpd/ft 2 ). 

Svnthetic organic, water-soluble, high molecular weight poly- 
e!ectroiytes lave Achieved great success in flocculat L on aiid 
clarification and in sludge conditioning before centrifugation 
fil£ra£ion A polymer dosage of 0.05 kg per kkg of dry sludge 
UiiST Ei lb/ton) , or about 1 mg/1 of a 2 percent Worry, may 
achieve 85 percent removal of suspended solids at a detention 
♦-imp of 2 hours with a 12 percent solids content in the 
thickened sludge. If this thickened sludge were then vacuum 
filtered, a cake of 30 percent solids could be obtained with 
solids content in the filtrate of 0.5 mg/1 of less. 

The following may be a typical performance chart for an influent 
sludge containing 100 liters of water: 
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Volume of 
Water, liters 


Suspended Solids 
Kg Percentage 


2.56 

0.38 

2.18 

2.18 

5 x 10- 16 


2.5% 

0.45% 


0.5% 


Influent 100 2.bb 

Thickener Overflow 84 0.38 0.45% 

^ 2 

Thickener Underflow 16 2.18 

Filter Cake 5 *1 2.18 30% 

Filtrate '»•’ 5 * 10 '“ °- 5% 

The dewatered cake, containing 85 percent of the original solids, 
", The filtrate, when combined with tne rni^x 

“L oie??i^wiuld consist of'95 percent of the original water 
quantity and would have a suspended solids concentration of , 

mg/1. 

^r^influinr e wiste en wat°er ld were°di«ct d i; fil"' Inches the 
practice at Plant 006, which achieves an average phosphate 
removal efficiency of 95 percent. 

highly thixotropic cake plugged the solids-removal screw. 

SESwT zrr.uz* :s ~ Srr!;S:nr : r.!"‘£ 

si 5 :».S‘S;3 ss.::;,?;;™ 

Se pH to 8.0 to 8.5 before discharge, with 

material. 

Treatment Alternatives 

There were two /reatnent^alternatives ^-sidered^^o^^^this 
=5?3 S^rr^ evaporation^of 2? 

SSK the 

industry, involved 100 percent recycle of all process water. 
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TREATMENT OF WASTE WATERS IN THE PHOSPHORUS CONSUMING SUBCATEGORY 

Control and Treatment of Phossy Water at Phosphorus Producing 
Plants 

Rpcause of harmful effects of elemental phosphorus in small 
concentrations™ in waste water, and because oomplete^emoval^f 
the ohosohorus from the water is not practical# . 

practice'at phosphorus-producing plants to reuse the phossy wat 
after treatment (which is required to remove other constxtuen 
in the waste' water which would otherwise build up 

concentration). 

Barber(5) discusses several methods which have been tried 
experimentally to remove elemental phosphorus from phossy water. 

Among these methods were chlorination, ” h ^ ch ” as ^^ e ^^e r because 
20 years ago and which was discarded at that time because 

"accurate chlorinator control was found to be impractical. With 

TeTclTol a was he fa^ r f?o^ complete, leaving 14 37 percent of the 

oriainal colloidal phosphorus unoxidized. Filtration or trie 
colloidal phosphorus was investigated but found impractical, 
a itenit Of these discouraging results, the industry has adopted 
?he ?oute o? Son^n^n? and re-use rather than treatment and 

discharge. 

At the TVA Muscle Shoals plant, a commercial ^os- 

concentration of »0 mg/1, is employed to sett lei le J 

fe°mov U es 3 ^ ofboth ^’th^us/ended 

solids as phosphorus sludge underflow (which is onl y 2 P er °?"* 

Ihe was?e P wa?e? volume,. The presence of suspended solids is 
necessary for efficient removal by this method. 

thickened and/or dewatered by centrifugation or filtration. The 

moisture th contents* 1 may 6 then be It-dried in an inert atmosphere 
using the process byproduct carbon «ono«£«tSe 

sludqe^are recovered^ The remaining nonvolatile solids contain 
no elemental phosphorus and can be safely disposed of or 
™ the feed preparation section of the phosphorus manufacturing 

plant. 

The clarifier overflow, containing only 7 or 8 Percent of 

original phosphorus and suspended soll ^ s ' where 

lated to the phosphorus condenser sump and to oth . 

water “onsets phosphorus. However, because the phossy water 
accumulates dissolved salts (mainly fluorides and phosphates, 
Se lK about 6 percent of the clarified water must be bled off 
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and discharged. In addition to suspended solias and dissolved 
solids, this bleed contains 120 mg/1 of elemental phosphorus, 
equivalent to O.H kg/kkg, or 0.08 pound per ton, of product. 

At Plant 181, a different approach is taken towards phossy water 
wastes. Very large lagoons not only reduce the concentration 
suspended solids in the phossy water, but also serve to slowly 
oxidize much of the elemental phosphorus to phoophates. 
Subsequent lime treatment of the lagoon overflow (after combining 
with other waste water streams) precipitates not only the 
phosphates but also the fluorides in the water, thereby reducing 
the quantity of dissolved salts so that the water may be reused 
without a bleed. At this plant, the waste streams may be com 
bined since all wastes are recycled without discharge. 

A sliqhtly different approach is taken at Plant 128. The phossy 
combined in a closed treatment and recycle system with 
calciner scrubber liquor. After settling of suspended solids and 
partial oxidation of phosphorus in a pond, ^treatment is used 
to precipitate dissolved phosphates and f;luond-s. Upon 
subsequent settling, the clarified (but still phossy) water is 
reused as calciner scrubbing water. Fresh make-up is used f 
the phosphorus condenser. The key to this scheme, whicn results 
in zero discharge of phossy water, is that the quantity of 
vaporized in the calciner scrubber (in cooling the 
gases) exceeds the quantity of phossy water in the raw waste 
load, so that fresh water may be continuously added to the loop 
without discharging any contaminated water. 

Plant 159 achieves zero discharge of phossy water in a unique 
svstem The completely segregated raw waste phossy water is sent 
?o a clarifie5in a manner similar to the TVA technique described 
above. The clarifier underflow of phosphorus:^the 
in conventional ways, with complete return of the to the 

Drocess. The overflow from the clarifier is not recycled (as is 
the TVA practice, which requires a bleed discharge), but is sent 
to an evaporation pond. 

In the approaches used by Plants 028 a .id 159, some or all of the 
uhossv water is evaporated. This presents no hazard of elemental 
phosphorus? 1 sinceV is very rapidly oxidized to phosphate as 
soon as the protective water is removed. 

In summary, this study found three different ways that existing 
plants are achieving zero discharge of phossy water. 

Treatment of Arsenic-Rich Residues 

Arsenic-rich solid residues accumulate from the purification of 
phosphoric acid and of phosphorus pentasulfide. The common dis¬ 
posal method is burial in a controlled area, as practiced at 
Plants 075, 119, 147 and 192. 
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The arsenic-rich liquid residue from the PC13 distillation is 
more difficult to dispose of. At Plant 037 this residue is first 
treated with trichloroethylene, in which PC13 is miscible but 
AsC13 is not. The trichloroethylene is then water-washed to 
remove the arsenic-free PC13 and the trichloroethylene is reused. 
The AsCl3-rich residue is then segregated and stored in drums for 
final disposal in an environmentally safe manner. 

Treatment of Phosphoric Acid Wastes 

The standard treatment of these wastes is by neutralization and/ 
or precipitation with lime as discussed for the phosphorus 
production subcategory. The final product of neutralization, in 
an excess of lime and in a considerable excess of water, is 
formed: 

6 H3P04 ♦ 10 Ca (OH) 2—*9 CaO.3 P205.Ca(OH)2 + 18 H20 

Although this material is very insoluble, the reaction does not 
proceed to completion in practice unless a Ca/P mole ratio of at 
least 1.9 is reached. Moreover, the reactivity of the lime in 
precipitating the dissolved phosphate is strongly dependent on 
the lime source and the slaking conditions. It has been found 
that frechly slaked pebble quicklime can precipitate in excess of 
97 percent of the phosphate, whereas commercial hydrated lime 
(calcium hydroxide) or freshly slaked ground quicklime only 
succeeded in a 73 to 80 percent precipitation efficiency under 
the same conditions. 

A large body of literature has been developed in the lime treat¬ 
ment of domestic waste waters for phosphate removal. The study 
performed by Black & Veatch for EPA(31) summarizes the efforts 
that have been sufficiently demonstrated to be applied to current 
municipal waste water treatment projects. It is pointed out that 
the average concentration in domestic raw waste water is about 10 
mg/1 (expressed as elemental phosphorus). The domestic sources 
are about 1.6 kg (3.5 lbs) per capita per year, one-third of 
which are from human excretions and two-thirds from synthetic 
detergents. 

The existing practice achieves better than 90 percent removal of 
the phosphates from domestic waste water, reducing the con¬ 
centration (expressed as P04) from 30 mg/1 to as low as 0.3 mg/1. 
At first glance, this seems to conflict with the fact that tri¬ 
calcium phosphate (or hydroxylapatite) has a solubility of 25 
mg/1 (equivalent to 15 mg/1 as P04). However, in a large excess 
of lime, the pH is sufficiently high (10 to 11) to reduce the 
solubility of this salt of a strong base and weak acid. The 
equilibrium 

2H20 

Ca*3 (P04) 2 (s)-^3Ca 2 ♦ P04” 3 -^3Ca* 2 ♦ 20H- ♦ 2HP04-* 

is driven to the far left (reducing phosphate solubility) by the 
addition of excess lime. The solubility of tricalcium phosphate 
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may be theoretically calculated as a function of pH (or of Ca:P 
ratio) using the ionization constants for H3P04, H2P0<±~ 1 , and 
HP04 -2 in conjunction with a solubility product for tricalcium 
phosphate (which may be calculated from solubility data in pure 
water). 

This phenomenon, substantiated by full-scale operating data as 
reported by Black 8 Veatch(31), is summarized below: 


Phosphate Concentration of 


Eli 

Filtered Eft 

9.0 

5.7 

9.5 

1.4 

10.0 

0.6 

10.5 

0.3 

11.0 

0. 2 


The literature is replete with details of technology to achieve 
high removal efficiencies. (31-42) For example, thickened sludge 
recirculation to the neutralization tank has been found to seed 
the precipitation of calcium phosphate, resulting not only in 
better removal of dissolved phosphates but also in the growth of 
larger crystals for easier dewatering. 

Although lime treatment of phosphates has been the predominant 
route, ferric chloride and alum have also been extensively used. 
Ferric salts are most effective in the 4 to 5 pH range and alum¬ 
inum salts are most effective in the 5 to 6 pH range, as opposed 
to the 10 to 11 range for lime. The mole ratio of Fe/P or Al/P 
should be around 2.0, the same as the Ca/P ratio with lime treat¬ 
ment. 

The use of lanthanum salts has recently been demonstrated to more 
effectively precipitate phosphates over a much wider pH range 
than calcium, ferric ion, or aluminum. The drawback is cost; the 
treatment system must recover and reuse the lanthanum. 

Another process for phosphate removal is adsorption by activated 
alumina with subsequent stripping with caustic acid, and then 
regeneration of phosphate-free caustic by lime precipitation. 
Ion exchange has also been investigated. 

One interesting process for phosphate removal is borrowed from a 
commercial process for HCl acidulation of phosphate rock. 
Phosphoric acid is recovered by solvent extraction, using C4 and 
C5 primary alcohols such as n—butanol and isoamyl alcohol. The 
chloride-free phosphoric acid is then extracted from the organic 
phase by water washing, the solvent is recycled, and the pure 
phosphoric acid may be concentrated by evaporation of water. 
This treatment method appears attractive for application to the 
food grade calcium phosphate waste streams. The suspended solids 
may be dissolved by HCl addition, and solvent extraction may be 
used to regenerate phosphoric acid for return to the process. 
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Treatment of Acidic Sulfite, Sulfate, and Phosphate Wastes 

These acids are components of the waste streams from the Phos¬ 
phorus-consuming subcateqory of the industry; an su ur 
is also a constituent of the wastes from the Phoephorus 
Droduction segment. The sulfurous and phosphorus acids may be 
partially oxidized prior to treatment to sulfuric and phosphoric 

acids. 

The neutralization and precipitation of the slightly soluble cal¬ 
cium salts is exactly comparable to the treatment ot acidic pt- 
phate and fluoride wastes. The solubilities of calcium sulfite 
and of calcium phosphite are repressed by excess lime as in the 
oreviously discussed cases, but the solubility of caldum sulfate 
(a salt of a strong base and a strong acid) is nc. affected ly 

pH. 

Removal of Chlorides 

Ion Exchange and Demineralization 

Ion exchange and demineralizations are usually re ?^ ri ^ ed 1 ooo^to 
practice and costs to total dissolved solids levels of 1000 

4000 mg/1 or less. 

An ion exchanqe may be simply defined as an insoluble solid 
electrolyte which undergoes exchance reactions with the. ons in 
solution An exchanger is composed of three components: an iner 
matrix^ a £l« grouo carrying a charge, and an exchangeable ion 
carrying an opposite charge. The inert matrix is usually cross 
linked polymeric resin containing the needed polar qrouDS. 

There are two types of ion exchangers: cation and anion. Cation 
exchangers contain a group such as sulfonic or carboxylic acid. 
These can react with salts to give products such as the 

following: 

RS03H ♦ NaCl P RS03Na + KCl 
RC02H ♦ NaCl P RC02Na ♦ HCl 

The above reactions are reversible and can be regenerated with 
acid. 

Anion exchangers use basic group such as the amino family. 

RNa30H ♦ NaCl P RNa3Cl ♦ NaOH 

This is also a reversible reaction and can be regenerated with 
alkalies. The combination of water treatment with both catl ° n 
and anion exchangers removes the dissolved solids and is known as 

demineralization^ (or deionization). The ouality of 

is excellent. Table 16 gives the level of total dissolved 
solids that is achieved. Special ion exchanqe systems have been 
developed for treating hiah dissolved solids content (more than 
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TABLE 16. Water Quality Produced by 
Various Ion Exchange Systems 


Kxc hanqer Setup 

Strong acid cation 

♦ weak-base anion 
Strong-acid cation 

♦ weak-base anion 

♦ strong-base anion 
Strong-acid cation 

♦ weak-base anion 

♦ strong-acid cation 
+ strong-base anion 

Mixed bed (stronq- 
acid cation + 
strong-base anion) 
Mixed bed ♦ first 
or second setup 
above 

Similar setup as 
immediately above 
+ continuous re¬ 
circulation 


Residual 
Silica, 
mq/1 

Residual 

Electrolytes, 

mq/1 

Specific 
Resistance 
ohm-cm 
a 25 C 

No silica 
removal 
0.01-0.1 

3 

3 

500,000 

100,000 

o 

• 

o 
(— 1 

1 

o 

. 

t— * 

0.15-1.5 

1,000,000 

0.01-0.1 

0.5 

1-2,000,000 

0.05 

0.1 

3-12,000,000 

0.01 

0.5 

18,000,000 


m 8 


100 
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1000 mg/liter total dissolved solids), minimising regenerant 
chemicals costs. 

Reverse Osmosis 

The phenomenon of osmosis has its when"a^semi- 

equilibrium and free energy concepts. Essential Y» 

permeable membrane separates a nure liquid and solutionjf^dis^ 

solved material in the same liquid, th r ° energy diff¬ 

er cure liquid to the solution, driven by the tree energy 

°° 

applild m on STSSSttoi side if the membrane to countorbalance 

s "sss^^ 

^r^ an of an fdl?^o^l ln pu e liguid to the pare lignid^side. 

This is reverse osmosis. It may ne 
filtration through a molecular pore-sized filter. 

The small pore size °£ J^^^rcomer^^th^m^lecuilr 

is critical and unknown in many mediums. 

With these restrictions there ^little ponder phosphorus 

industrial applications are * need^ are similar to those 

chemicals industry water P ur Ration.needs are^imii^^ ^ be 

° f ^^ble 1633 trea?.menr e orbraSk?Sh water and low (500 mg/1 to 
SEoof SU»' "dissolved solids re-oval Orga 

absent, suspended solids are low dissolved solids are 

%£& sod iu^ch lor ides, sulfates 

and their calcium counterparts. 

Evaporation Ponds 

Plant 159 utilizes an eva P””^°" P 0na Th *° r ma y 1 also a be Reasonably 
^ef foR" SESf*«StTwa«R disposal "where the wastewater 
quantities are not overwhelming. 


The size of an evaporation pond depends on the 
differential between evaporation and rainfall. 


climatic 
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Evaporation-Rainfall 
ni fferentia l_ 

0.6 m/yr (2 ft/yr) 
1.2 m/yr (4 ft/yr) 
1.8 m/yr (6 ft/yr) 


Pond Are a 

0.060 ha/cu m/day (560 acres/MGD) 
0.030 ha/cu m/day (280 acres/MGD) 
0.020 ha/cu m/day (190 acres/MGD) 


Pvanoration ponds may be either unUned or lined, and should be 
diked. Use is often made of natural pits, valleys or ponds. 

Conventional evaporation ponds are 1 ^°^|e; ds a the q evap- 

useful treatments in areas where the rainfall ^eeqs tne _r d 
oration However, surface aerators (commonly used for aerat 
laqoons* in secondary treatment of organic wastes) can signifi¬ 
cantly increase the evaporation from a pond by increasing the 
water/air surface area. 

Single-Effect and Multiple-Effect Evaporators 

For the treatment of small waste streams, single-effeet evapor¬ 
ators are characterized by low equipment costs . and by x £^ren 
reliability, at the expense of high steam requirem n ^ C 

demonstrated throu g Lut t ?he n rtemiials 0 pro^e"r!ndus«5 (although 
not^extensively fir the sole purpose of waste treatment, . and as 
such meets the requirements of being currently availa 1 . 

Refrigerated condensers for PC13 and POC13 
in 

rHlux the region vapors and to collect the oroduct. Because 
the vapor pressure of PCI3 is significantly high (boiling point 
76°C (169°F)) at normal condensing temperatures, th 
load *in thl’ tail-gas water scrubbers contains rather large guan- 
of the hydrolysis products cf PC13. Tne use ol 
refrigerated condensers in place of the water-cooled condenser , 
a 1 t-prnatelv the use of cold traps downstream of the water 

cooked condenses, would drastically reduce the amount of PC 13 in 
the tail gas which subsequently becomes acid aqueous wastes. 

PCI3 Vapor Pressure, 
mm Hg (2 7)_ 


Temper a ture 

-40 

-20 

0 

♦ 20 
♦ 40 


°C Temper ature, gF 


-40 
- 4 
32 
68 
104 


3 

13 

38 

99 

235 
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It is apparent that a ^° n ^ 3 ^ e t ty P ln a order b oi°maonitude over 

normal. 1 condensinq*”temperatur cs s nd w uld virtuaU, double the 

temperature driving force for heat transfer. 

aa tr. rmnr-rpnt use (for P0C13 manufacture 
Refrigerated condensers are in current use (r 

using air oxidation) at Plant 037. 

Inert-Atmosphere Casting of P2S5 

The present industry practice is to J a ^ r ms lte when S |olt?n U p2S5 n is 
shipping containers or into usl * ignites, forming P2Q5 

SS°SSf whic^ are™ subsequently Sater-scruhbed. 

casting ar either i in S a n S inert°atmosphere or^n'vacuumt^^eliminate 

this source of raw aqueous waste. 

Treatment Alternatives 

„_for the manufacture of 

The treatment alternatives consider d f discharges are 

phosnhoric acid are additional treatment (tneo y waste 

from' leaks and spills) and ^ discharge of alternati 

water pollutants to navigable . wat f* * . t ance construction of 

involves tightened instruction of 

dikes and dams around P“P a f^ a ^aatment of leaks and spills; and 
SiiUof ?^ P S: ™ts“is currently practiced hy 10 

percent of the industry. 

2S3.c,£”of phosphorus m pentoxide: "n^additional^treatment anl 
no process waste water discharge. 

Three treatment aiternatives were consideredifor the 
of phosphorus pentasulfide. The r f th volume of waste 

treatment. ^he second includea reducti^^of The thi d 

water discharge by the recycle diGcharqe , lime treatment, 

alternative includes!n - overflow back to the process, and 

settling tanks, recycle of tank ovem 

landfill of sludge. 

Several treatment . al f* r J^JhloridlTand phosphoru^oxychloride . 
manufacture of phosphor treatment. The second involves 

The first alternative 1 recycle of scrubber water, 

reduction of waste water volume by treatment, settling tanks. 

The third alternative includes 1 alte rnative involves no 

and landfilling of sludge. The to to navigable waters, 

discharge of process waste water poliutan 
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TREATMENT OF WASTE WATERS IN THE PHOSPHATE SUECATEGORY 
Treatment of Specific Wastes 
Sodium Tripolyphosphate Manufacture 

As stated in Section V, two notable Plants < 042 " 9) co ?i^ed 

no discharge of process waste waters. Airborne solids collected 
in dust collectors from the spray dryer gaseous effluent stream 
are added to the product. Scrubber water is used to form 
slurry with caustic in the initial neutralization step. 

The manufacture of sodium tripolyphosphate is therefore a water 
consumina process, requiring no waste water treatment. 

Calcium Phosphates Manufacture 

The amount of airborne solid wastes £ emOV * d ^dr^duircolllction 
be minimized by preceding wet scrubbers with dry dust collection 

equipment. Treatment of phosphoric acid, su :;P* nd * d deviously 
sludges resulting from wet scrubbing has been oreviousiy 

described for the phosphorus production subcategory. 

wet ohosohoric acid is frequently used for animal *eed grade 
nhnsohates Fluosilicic, hydrofluoric and silicic acid wastes 
wil^subsequently result from acid defluorination. ° 

these parameters has also been discussed previously for the 
phosphorus production subcategory. 

Treatment Alternatives 

The only treatment alternative considered for the manufacture of 
Slum tripolyphosphate is no discharge of process waste water 

pollutants. 

Two treatment alternatives were considered f< or "! a ™ f at^least 

feed grade dicalcium phosphate. The first, employed by Jt JMSt 
50 percent of the industry, involves ^-process controls for 
phosphate and lime dusts and phosphoric acid mists. The second 
alternative includes the above plus lime treatment settling, 
recycle of clarified water to the acid scrubbers and landfill of 

the sludge. 

Three treatment alternatives were considered for the nianufacture 
food grade dicalcium phosphate. No treatment is the f 
alternative. In the second alternative baghouses replace wet 
scrubbers with product recovery. Approximately 30 P^ent 
industry is practicing this technology. In the third alternative 
iaste water is treated with lime, filtered, and recycled in the 
process ' The filter cake is landfilled. Approximately 10 
percent of the industry is achieving no discharge of process 
water pollutants by this technology. 
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SECTION VIII 

COSTS, ENERGY AND NON-WATER QUALITY ASPECTS 


INTRODUCTION 

The control and treatment technologies applicable^to^th^ 

ot these 

: S STj-ut,. eoud 

technology. 

A representative, hypothetical plant for each chemical^^p^^ 

in the industry is synthesized. c °?* e *“* ives (see table 17) 
plant for the v *J lou ;! h is i n terms of both investment cost 

appear as table 18. The . rhe effectiveness, in ^ ermS 

and equivalent annual • d to the ra w waste load. The 

pollutant quantities, is compared o tn Sec tion, however, is 

discussion of costs ^nd benefits xntn^ ^ evaluatinq the 

SEES? f£ any within the^ndustry.^s 

^ inco^rared into a sindl* 

hypothetical plant: 

The degree of freedom «hich the ^rsonnel of each^lant^st 

technologies^presented n 

combinatio^or"permutation of these technologies. 

The cost tradeoffs, which are^nnique^for^ treatments, with 

material 5 recovery 1 being an important parameter. 

The real raw waste load for each |5o»"Se laniard 

reciably different (in either directing ^ particular , 

Iwch^greater^plant-to- plant variability »• f “^£3 

tha^witt^respec^tQ 0 product ion- ion-normalized raw guantities 

of polluting constituents. 
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TABLE 17 







tti ruvi 



of dry duet collection end product recovery vill cover 










There is a wide variation in the existing application of 
effluent control technology. Some plants have more equipment 
to install than others in order to meet the effluent 
limitations guidelines. In addition physical characteristics 
of each particular plant will affect treatment costs such as: 

* Plant age, size, and deqree of automation. 

* Plant layout (i.e., can in-process controls 
be physically installed between existing 
units?). 

* Plant distances and topography (i.e., what 
are the installation and operating costs of 
recycle technologies?). 

* Climatic factors (temperature and evaporation/ 
rainfall) . 

* Esthetic factors (i.e., is a settling pond 
locally acceptable?). 

* Land availability (primarily a factor in 
applying settling pond and evaporation pond 
technologies). 

•The degree to which a plant is integrated with other pro¬ 
duction departments would significantly affect the cost of 
applying control and treatment technologies. Can waste 
materials from one department be used in an adjoining 
department (i.e., mutual neutralization of acid and alkaline 
wastes)? Can common treatment facilities be built (tradeoff 
between economies of scale vs. reversing the Drinciple of 
segregation of wastes) ? Are the waste water sewers from 
adjoining departments readily separable? The feasibility and 
attractiveness of joint municipal/industrial waste water 
treatment, which is a highly local evaluation to be made. 
Increasingly, more examples of such dual treatment are being 
reported. 

The local solid waste management situation. The sludges from 
applyina waste water treatment technologies may be landfilled 
at highly different costs, depending on the local 
availability of disposal sites and the distances involved. 

In appreciation of all of the above factors, the discussion of 
costs in this section is formulated to be generally useful in 
evaluating the economics for any particular plant within the 
industry. 


Definition of Representative Plants 

1756 

The sizes of the representative plants were chosen so that their 
capacities were approximately the averages of the data presented 
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in table 2. Although in many J aS f S ^tha^one^roduct^r^'inade 
consuming segment of the ^ustry)^^ addrcssed separately in 

at a given location, each - P «. due to combined treatment 
this suoplement. Cost sa q effect in practice 

facilities are a d ^ in ct probab:ill' ty. lower than those 

would be to achieve the benefits 
presented in this analysis. 


in 


choosing representative plants 


The particular assumptions 

were: d 

x. Phosphorus «anufacture--The representative plant^has^a^r ^ 

no discharge of phossy wat ( f effluent reduction 

has, in addition, achieved a Tables 13 and 14), but 

commensurate with that of P an _ f treated orocess water per ton 
still discharges 25,000 of Table 17, therefore, 

into a receiving stream. Technology a to the raw waste 

represents effluent .Ruction,Jil th reore 2ntative plant, with no 
load, already achieved y e ffluent from technology A i 

additional costs required. use , and technology "B" is the 

suitable for process representative plant, it 

implementation of this recycle. /Astern traversed 1,000 yards 
was assumed that the return water system tr ^ a differenC e in 
back to the head end of the^plant^ assumed that the 

representative planted no severe freezing problems. 

2 Phosphoric Acid Manufacture— The representativeuPiant yet 

process water discharge (1 ^ d ud ££orouqh Y pr oqram for minimizing, 
collecting. 9 a nd^ tre a ting minor phosphoric acid leaks and spr ^ 

*2*. &ef Semic^W £^2 
In? control or treatment of acrdwaste water. ^ a conse rvattve 
achieved zero discharge of P was assumed that 

approach for PC13 and Table 17 was not feasible 

solar evaporation for tech " t me chanical evaporators were 

for climatic reasons -c refrigerated condensers 

s economical than larger evaporators. 

, poos P2S5. PCI3. and POC13 are 

The r rro? e fo at hi V v e e suff icient°land'for SSil* 'ponds, so that 
mechanical!y t raked clarifiers are used. 

4. Sodium Tripolyphosphate Manufacture--The^representat iv P 

hTJ 0 either of two situation . ( ) +-he process has air ,ady 

O? soiids and wet scrubber liquors to Jhe^proc ^ process waste 
been installed, resultinqin rer been insta iled. but can 

be^economically 6 justif ied°on the basis of product recovery. 
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For either of these two situations (which cover much of the 
industry), no additional costs (attributable to effluent 
reduction benefits) are required. 

5. Feed Grade Dicalcium Phosphate Manufacture--For control of 
phosphate and lime dusts and phosphoric acid mists, the 
representative plant has no additional required costs 
(attributable to effluent reduction benefits), for the same 
reasons as listed above for sodium tripolyphosphate manufacture. 

It is assumed, however, that the representative plant uses wet- 
process phosphoric acid and that it performs defluorination of 
all acid used (in practice, a good fraction of received acid may 
already be defluorinated). It is further assumed that the 
representative plants have sufficient land area for on-site 
settling ponds. 

6. Food-Grade Calcium Phosphate Manufacture—The representative 
plant is assumed to have wet scrubbers for dust-laden vent 
streams. Technology A of table 17 shows the replacement of wet 
scrubbers with baghouses, but the cost is justified by product 
recovery. It is assumed that at this representative plant the 
elimination of wet scrubbers reduces the waste load by 50 
percent. 

Current Selling Prices 

Table 3 shows the current list prices of the chemicals within 
this industry. These data are useful as a yardstick for measur¬ 
ing the economic impact of achieving pollution control. 

Capital Cost Basis 

For these analyses, the capital investment costs have been 
adjusted to 1971 dollars using the Chemical Engineering Plant 
Cost Index (1957-59 = 100; 1971 = 132.2). The capital recovery 
segment of the annual costs is based on a 5-year amortization 
schedule, consistent with IRS regulations concerning pollution- 
abatement equipment and facilities, and on an 8 percent interest 
rate. The resulting annual capital recovery factor (principal 
and interest) is 0.25046. 

"Taxes and Insurance" annual cost is estimated at 5 percent of 
the investment cost. "Operating and Maintenance" annual cost 
includes labor, supervision, lab support, etc., and is estimated 
at 15 percent of the investment cost, exclusive of chemicals, 
energy and power cos- (which are calculated directly for each 
appropriate case) . Chemical costs are included in "Operating and 
Maintenance," but power is listed separately. The cost of lime 
for neutralization has been assumed at $20 per ton, and the cost 
of steam for evaporation has been assumed as $0.70 per thousand 
pounds (or $0.70 per million ETU). 





In-Process Controls 

Thc cost of these controls 

SSSl^i’fSS; con figuration 1 in any particular plant. 


Seqregation of Waste Streams 


beqitJvjauA^ii - 

First, a plant must *e surveyec. to pinpoint i-^ource^of ^oth 

SSTS-SSS ^n^jr ^ess^te^entereacl^-r^r-h 

but there were relatively few cool g tQ a neu and separate 

more economical to divert h q h reverse strategy. The 

collection system than to ^opt the ^ highly labor 

oroject costs for such a ”“°“ rU ction must proceed without 
‘intensive, especially since the other than capital 

unduly disrupting production “hsdules^ costs uouia 

consist 7 if r S °s C mril ma a in«nanc C e cos4 and no costs for operating 
labor, materials or power. 

There would he no effect of thi^jcto" energy aemands.^ince 

adverse 6 non-water guaU^impacts of this progect. 

Recycle of Scrubber Water 

- , Kd 4 -n nrnvide a surqe tank, a recycle 
The capital costs The surge tank need not be large; a 

pump, and associated pip suffice. The oower costs and 

15 -minute residence time shoul “ exceed the corresponding 

energy use of the pump would not greatly ex scrubber water at 

values presently utilized event they are small since 

comparable flow rates. In any 
scrubber flow rates are small. 

Dry Dust collection 

Based on data furnished by h £®g|° n fthis^Sl kkg/day 

capital cost of high-tempera $ 3-0 000. The annual operating and 
(100 tons/day) plant was 130,^ reC overy, taxes and in- 
maintenance costs, other Percent a \ the capital cost. A credit 
surance, is estimated p value Q f recovered material, the 

to the annual cost 1 percent of the production 

quantity might be estimated as 2 t vi ^ t ^ ally all dusts. The power 
rat >, since baqhouses r are sma n, and are usually 

requirements for the fans and shak irements for the liquid 

comparable to the pu ™-, P since the recovered dusts are 
almost ^alway^utilizod in'the process, there is no adverse rmpact 
on solid waste management. 

Refrigerated Condensers 


111 


1 f5 9 





The condensers are standard items, and in practice the existing 
condensers may be used. The refrigeration supply is standard 
equipment, and rather expensive in terms of capital costs. 

added cost would be the insulation of exis ^^ r C °^ a ^ f riqlratiSn 
of the condenser. The power requirement for the 
compressor could be moderately high. There would not be impact 
on non-water quality aspects. 


Inert-Atmosphere Casting for P2S5 


This is a relatively expensive control technique, requiring major 
revisions not only of ^e castrng^gurpment but^also ofjhe basic 

requirements^either* for inert-gas blowers or for vacuum pumps. 
The annual cost of the inert gas (assuming it is not recycled) 
must be estimated. 

Housekeeping and containment 

Like the previously-discussed project of water segregation, 
housekeeping and containment capital costs are labor-intensi 
and deoend ?o a very large extent on the existing P^ hp C ^ 
fiauration. A point of reference night be taken from the ex 
oerience of one 360 kkg/day (400 tons/dav) plant which expended 
$160,000 for isolation and containment (drenches, sewers, pipe¬ 
lines, sumps, catch basins, tanks, pumps, dikes a " d J^s) . The 
need to attend to many small sources ^ 

^mi«d n °tr%mall su; P pumps^No averse non-water quality 
imnacts arise from this control technique. 
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TREATMENT OF SPECIFIC WASTE CONSTITUENTS 

Neutralization of Acidic waste waters and Precipitation of 
Calcium Salts 

cost o£ I22/kkq 

varying**?roro” lo^leco^ds "tt^mi^es'. in^^tos^? 

these tanks may be approximated by. 

Capital Cost = $15,000 _ G Pg 0.2 

10 f 000 

(Note: 1/day = 3.785 x GPD) 

The power requirements. for mixing are 

neutralization^step^lone does not have any adverse non-water 
quality impacts. 

Treatment of Arsenic-Rich Residues 

The cost of this solvent is rather ^jnal because the^uantities 
of waste involved are only a ^enHtrichloroethylene) is 

production volume, and be caus wh i ch is more than 10 cents/cu 

reused, despite the high virtually no power requirement, 

m (40 cents/1,000 qal) . . . imDact on solid waste 

There is, however, a ver J id " are extremely objectionable and 
management, since the resi quantity involved is 

HI kg S‘KSS rwW-'?'*- 1 

Control and Treatment of Phossy Water 

Contro' and treatment of P hos ®y severa^dif ferent methods 

phosphorus-producing plants. ^ h discharge of virtually 

nrei^nho^us! 1 Sir=« " 

a«“ ^Jmflarly,^ dtscSssion of energy and of non-water 
quality aspects would be academic. 

Removal of suspended Solids 

Settling Ponds 

-JSlnq a detention^ime a °* I/^aa^u m/dly/m^ao gpd/ft')’.' Thit 
it bivalent to a,200 cu m/day/hectare (435,600 gpd/acre) . 
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The capital costs for small unlined ponds, with areas from 0.4 to 
2 hectares (1 to 5 acres) can be estimated as: 

Capital Cost = $50,000 x Acres - $8,000 x (Acres)2 

(Note: Hectares = 0.405 x Acres) 

Because diking is a large portion of pond costs, and because the 
dike length increases much more slowly than pond area, larger 
ponds are considerably cheaper per unit area. For large unlined 
ponds of 40 to 1,000 hectares (100 to 2,400 acres), the capital 
cost is $2,500 to $12,500 per hectare ($1,000 to $5,000 per 
acre) . 

For lined ponds, the additional installed capital cost for a 30- 
mil PVC liner is $21,500 per hectare ($8,700 per acre). By using 
the above overflow rate and the above pond costs per unit area, a 
pond cost based on waste water flow may be calculated. 

Settling ponds utilize no energy. The solids do, however, coll 
ect on the bottom and must either be periodically removed 
(creating a solid waste disposal problem), or the filled pond may 
be abandoned and replaced with a new one (creating a land use 
problem). 

Mechanically-Raked Clarifiers and Thickeners 

A general cost for gravity thickening is 0 to 2.6 cents per cubic 
meter (0 to 5 cents per 1,000 gallons). 

The installed cost of mechanically-raked clarifiers and thick¬ 
eners with capacities of 38 to 38,000 cu m/day (0.01 to 10 MGD) 
can be estimated as: 

Capital Cost = $95,000 (MGD)0.4 

(Note: Cu m/day = 3,785 x MGD) 

Where polymeric flocculants are used, the additional cost amounts 
to $4 per kg of flocculant ($1.80/lb). The dosage rate is 
nominally 0.05 kg/kkg of dry sludge solids (0.1 lb/ton). 

The power requirements are nominal, since the rake has a very 
long period of revolution. Additional nominal power requirements 
arise from sludge pumping and clarifier overflow pumping. 

This treatment has (by definition) a solid waste impact, since 
its function is the removal of suspended solids. The sludge from 
thickeners may be 85 to 92 percent moisture. If the quantities 
are small, this sludge may be directly transported to landfills. 
Alternately, it may be dewatered on sand drying beds or 
mechanically (filters or centrifuges) to 60-70 percent moisture 
before landfilling. The quantity to be landfilled is therefore a 
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iru phnc nhat-p suocareqory 


function of the degree 


of 


dewatering after 


very strong 
thickening. 

Vacuum Filtration and Centrifugation 

^ it r v r 

meter (0 to 5 cents oer 1,000 gallons). 

The installed capital. costs for either vacuum filters 
trifuges are as follows: 

rapa city. M GD cu^m/Day Installed.£21:^ 


0.01 

0.1 

1 

10 


38 

378 

3785 

37850 


$25,000 

25,000 

200,000 

750,000 


b°£o« r iewa«ai“ tS ^stHwe^lsISMel 1 ™ the previous 

paragraph. 

The power requirements for vacuum filtration ^re^modorate^they 

include the sludge pump, filter drum drive, the sludge 

conditioning tank, the f iiJer^drum the vacuum pump, the filtrate 

agitator below the fl ^ e , , r en trifuges have much larger 

pump and the cake conveyor belt, -ent q^ ^ accelerated t o 
power requirements, since th * 9 hiqh speeds, the 

hundreds or several thousands °f ; rifuqes are considerable, 

windage losses (air friction) of centrit q ^ ^ Hp) of 

Large centrifuges may require required for sludge pumpinq, 

power. Auxiliary the cake scraper, and the 

flocculant pumping, centrate pump y, 
cake conveyor belt. 

vacuum filters and centrifuges ^^llinq^l^perclnt sludge, 
3E m devices°^drast ica 1 ly^*reduce" the solid waste quantity by 
producing a 30 to 40 per-cent cake. 

Centrifuges have a moderately adverse impact with regarded whine 

?^rtr^nno5!nr y io ?»>“ vacuum filtration in also 

noisy. 

panrlfil ling of_ Solid_Wastes 

The disposal costs for !°i^ d “li e |peMtions l alonrmay n cos? n *6 t o? 

more^per kkg^or^er ton) ^for^small^ooerations and to a per 

kkg <°t per ton) for larger operations. 
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Several pertinent papers have recently been published on the 
subject of solid waste management. in the chemical 
industry.(63,64) 

Solid waste hauling and the material handling operations at 
landfills are enerqy consuming operations. Landfilling of con¬ 
tainerized soluble solids in plastic drums or sealed envelopes is 
practicable but expensive. Blow-molded plastic drums, made from 
scrap plastic (which is currently one of the major problems in 
solid waste disposal), could be produced for $ll-$22/kkq ($10- 
$20/ton) capacity at 227 kq (500 pounds) solids/drum and a rough 
estimate of $2.50-$5.00 cost/drum. A more economical method, 
particularly for large volumes, would be sealed olastic 
envelopes, 750 microns (3 0 mils) thick. 

At $1.10/kg (50£/lb) of film, low density polyethylene costs 

about 10* per 0.0929 square meter (1 square foot). Using the 
film as trench liner in a 1.8 meters (6-foot) deep trench, 1.8 
meters (6 feet) wide, the perimeter (allowing for overlap) would 
be approximately 7.5 meters (25 feet). At a density of 1-6 
grams/cc (100 pounds/cubic foot) for the solid, costs of plastic 
sheet per metric ton would be $2.00 ($1.75/ton). With sealing, 
the plastic envelope cost would be approximately $2.20/kkg 
($2/ton). With additional landfill costs of $2.20/kka ($2/ton), 
the total landfill disposal costs would be about $4.40/kkg 
($4/ton). 

The above figures for solubles disposal using plastic containers, 
bags, or envelopes are only rough estimates. Also, the technol¬ 
ogy would not be suitable for harmful solids or in situations 
where leaching contamination is critical. 

Removal of Chlorides 

Demineralization and Reverse Osmosis 

These treatments are costly, over 10 cents per cubic meter (40 
cents per 1,000 gallons). 

The installed capital costs can be calculated from: 

a. Demineralization, Cap. Cost = $280,000 (MGD)0.75 

b. Reverse Osmosis, Cap. Cost = $480,000 (MGD)0.75 

Hence, the capital costs for reverse osmosis are nearly double 
those for demineralization. 

The operating costs (not including capital recovery costs) are: 

a. Demineralization, 20 cents/1,000 gal 5) 1,000 mg/1 TDS 

40 cents/1,000 gal d) 2,000 ma/1 TDS 

b. Reverse Osmosis, 38 cents/1,000 gal 5) 0.01 MGD 

20 cents/1,000 gal a) 0.1 MGD 
14 cents/1,000 gal <3 1 MGD 
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deal^of^powert^and^neither^ha^siqnif icant^on-wate^qualit y 

impact. 

Solar Evaporation Ponds 

The installed costs of solar ev JP| r J^° n a ^°thJ costs"f or^ettlinq 
pond area) are essentrally the same ln this case on 

the^climatic^'d'if ferential hetwfen evaporation and rainfall: 


Evaporation-Rainfall 

_nif ferentia 1_ 

0.6 m/yr (2 ft/yr) 
1.2 m/yr (4 ft/yr) 
1.8 m/yr (6 ft/yr) 


P ond Are a 

0.060 ha/cu m/day (560 acres/MGD) 
0.030 ha/cu m/day (280 acres ) 
0.020 ha/cu m/day (190 acres/MGD) 


The power requirements and "° n j”® t ** t t“inq t £o?ds. Since the 
evaporation ponds are the earners to*. precautions must 

betaken to Seven? leachin, into qroundwaters. 

Sinqle-Effect and Multiple-Effect Evaporators 

sitSr?idiorfSef??s o i«ss?o?°?Su £o srriS;?ssi e Sn- 

struction) are as follows: 


capacit y <_GPD 

10,000 

50,000 

100,000 

250,000 

500,000 

1 , 000,000 


tnstaile d Ca pital_Costs 
1 Effec t 6_Ef_fe£t£ 


O 5 M Cos ts. $/LtiIQQ-S^ 
1 E ffect 6 Effects 


8,000 

28,000 

45,000 

80,000 

146,000 

267,000 


177,000 

373,000 

665,000 

1,225,000 


(Note: Liters = 3.705 x Gallons) 

The enerqy requirements for single-effect evaporators^are^SS^J 

cal per kilogram of water e * a P°t a,:e “ ' ^ per kilogram of water 

Ui^.tS* p uSS°StJS.“ l, ^- l n«-““r «£*** a ^ cts are the 

same as for solar evaporation ponds. 

non-water quality impact 

Air Pollution 

_ exoected to increase air 

The proposed 9^" J te I ol „,L should decrease arr 
emissions. In tact, tne 


17 B 5 


i 



emissions in some cases where dry air pollution ecruipm°nt is 
suggested to precede wet scrubbers. Volatilization of hazardous 
substances, such as fluorine, from ponds is not expected to 
present a problem since addition of lime will precipitate most 
fluorides. 


Solid Waste 

Solid waste disposal will be the chief non-water quality area 
impacted by the proposed quidelines. Neutralization of acidic 
waste streams with lime or limestone will increase the amounts of 
sludge, especially when soluble phosphates and sulfates are 
precipitated. installation of dry air pollution control 
equipment will reduce the water content of wasted solids. In 
addition, return of collected solids to the process may he 
feasible. As stated in section VII, arsenic rich solid residues 
accumulate from the purification of phosphoric acid and 
phosphorus pentasulfide. Burial in a controlled area is the 
standard disposal method. Special disposal methods as mentioned 
previously in this section may be necessary to prevent leachate 
from reaching surface or ground waters. Solid waste quantities 
and constituents are listed in Tables 9 and 10. 

Energy Requirements 

The energy requirements for the proposed treatment technologies 
are listed in table 19. For the best practicable control 
technology currently available the added energy requirements are 
insignificant when compared to the process energy requirements. 
Except for the production of phosphorus, enerqy does not 
significantly enter into the product cost. For best available 
technology economically available, the additional eneray 
requirements for PC13 and POC13 are substantial. This is due to 
the assumption that solar evaporation ponds may not be possible 
in a given locale and evaporators may be necessary. 

Ground Water 

Since settling and evaporation ponds are extensively used for 
waste water treatment in the phosphate industry, it is highly 
recommended that all such ponds be sealed or lined so as to 
prevent any leakage of contaminated process waters to qround 

waters. 


Noise 

No overall adverse affect on the level of noise is expected, 
although individual equipment may have excessive ncise levels; 
e.g., pumps and centrifuges. 
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TABLE 19 


Chemical 


1*0 A 


energy requirements 

FOR RECOMMENDED GUIDELINES 


Process Energy 

Requirement 

KWH/Kkg 


3 (BPCTCA) 

3 (BATE.A 
1 (BPCTCA) 
;l? (BATEA) 


Na^PiO^Q 

Calcium Phosphates 
animal feed grade 
Calcium Phosphates 
food grade 


Treatment Energy 
Requirement 

KWH/Kkg_ 


Percentage Energy 
Increase 


15,400 

7.06 

0.05 

48 

94 

9 

27 

27 

28 

28 

0.000025 

0.0126 

0.75 

0.13 

293 

0.063 

146 

0.01 

0.01 

8.3 

0.48 

1000 

0.22 

520 

43 

0 

0.16 

0 


0.053 

- 


v • art-i'able control technology currently available 
BPCTCA - v est practicable contro 

BATEA - best available technology economically achievable 
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SECTION IX 


INTRODUCTION 

The effluent limitatfons ^ i ®5 f ""|J t b ®eduction d attainible'through 
are based on the degree of effluen control technology curr- 

the application of best practicable con^^ !e V e 1 of 

ently available. For .. existing performance by nocable 

technology is based on the chemical processes within each 

plants of various sizes, ages and chemicaij^ ^ truly 

of the industry's categories. technology is based 

on^state-of-the-art^nit^operations To^only employed in the 

chemical industry. 

Best practicable control ^^f^SniL^^^pr^el's 
sizes treatment 5 acl i^ Control technology within the process it- 

but also ****°S“°£onttol techniques which are used 

self. Examples of m-process cohuui 

within the industry are: 

• «S?cl| t and I '!lt«native uses of water ts 

*. dry^ollectior^of ^irborne^ol ids^instead of (or 

before) wet scrubbing. 

* 

Consideration was also given to: 

" t^the^effluent'^reductio^benefit^to'^be“achieved*fron^ 

that aoplication; 

b. The size and age of equipment and facilities involved; 

c. The process employed; 

d. The engineering aspects of the application of various 
types of control techniques, 

e. Process changes; and 

£. Non-water quality environmental impact (including energy 
requirements)# 
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PROCESS WASTE WATER GUIDELINES 

Process water is defined as any water coming into contact with 
raw materials, intermediates, products, by-products, or qas or 
liouid that has accumulated such constituents. All values or 
quidelines and limitations for total dissolved solids (TDS), 
total suspended solids (TSS), metals and harmful pollutants and 
and other parameters are expressed as consecutive 30-day averages 
in units of pounds of parameter per ton and kilograms of 
parameter per metric ton of product produced except where 
expressed as a concentration. 

On the basis of the information contained in Sections III through 
VIII of this report, the followinq determinations were made on 
the deqree of effluent reduction attainable with the application 
of the best practicable control technology currently available in 
the phosphate manufacturing industry. 

The Phosphorus Production Subcateqory 


Phossy Water 


Because 
it is 
control 
Section 


of the extremely harmful nature of elemental phosphorus, 
standard practice within the industry to maintain tiqht 
over the discharge of phossy water, as discussed in 

VII. 


It is apparent from the discussion in section VII that existing 
practicable technology can eliminate the requirements forany 
disenarge at the TVA olant. Lime treatment of the blowdown 
followed by sedimentation of the precipitated phosphates and 
fluorides would remove the materials necessitating a blowdown, so 
that this treated blowdown could be recombined with the remainder 
of the clarified phossy water for return to the process. 


There are three examples of plants which have achieved zero dis 
charge of phossy water: Plants 159, 028, and 181. 


Hence, three plants have recognized the undesirability of ele 
mental ohorihorus in any discharge and have also recognized that 
no practicable treatment system can remove a sufficient amount ot 
elemental phosphorus to permit effluent discharge of phossy water 
wastes They have all solved this dilemma by evaporating 
sufficient rhossy water rather than by discharge. One plant uses 
an evaporation pond, while two others exploit other process heat 
loads for in-process water evaporation. 


In view of this clear-cut demonstration within 
is recommended that the best practicable 
currently available for phossy water wastes be 
pollutants to navigable waters. 


the industry, it 
control technology 
no discharge of 


1769 


122 



Process Waters Other Than Phossy Water 

The standard techniaues for treatinq the waste waters from cal¬ 
cine/ scrubbers and from slaq quenching are lime 
settling ponds, which perform the following functions: 

* Neutralization of acid waste waters; 

* Sedimentation of much of the original suspended 
solids in the waste waters (silica, iron oxide, 

and others); , , . ~ 

* Precipitation and sedimentation of much ot the 
phosphates, fluorides and sulfates which were 
dissolved in the original waste waters; 

* Dissipation of the process heat to the atmosphere 
during the extended residence in the settling 

* Reduction in the waste water quantity as a result 
of net evaporation during the extended residence 

in the settling ponds;and .. „ 

* where phossy water is combined with these other 
process waters, some oxidation of the elemental 
phosphorus to phosphates is accomplished. 

At Plant 181, the lime-treated water from all ? ou £ces is clari- 
tied in settling ponds, and the clarified water is held in re 

££ S w?^ V re P ?C d dischargl 13 B t e«uL t pholpha?L a aid fluorides are 
S5 d by li.e treatment and sedimentation, there “ 
requirement to bleed off water for the control of dissolved 

solids. 

system ati °Hence^ h fresh C maKe-UF can he Son- 

trolled to compensate for temporary swings in the pond evap 
tion/rainfall balance. 

Thp T va olant at Muscle Shoals, Alabama granulates the slag by 

srifgsSSS 

fhp scrubber liquors are used for make up in i g 

solublphosphate * 1 % offt florid U removed by 

treatment'^is 13 obtained by TVA to enable the plant to completely 
t-his water without any discharge. 
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Two other phosphorus plants which utilize lime treatment and 
sedimentation for process water treatment are Plants 028 and 159. 
Tables 14 and 15 list (respectively) the effluent concentrations 
and quantities discharqed from these plants, neither of which 
recycles treated waste water. There are three significant 
differences between these two plants: 

* Plant 028 discharges into the same waterway as the 
plant intake so that its discharge responsibility is 
the net increase in constituent quantities. Plant 
159 intakes ground water and discharges into surface 
water so that its responsibility is the gross amount 
of constituent quantities. 

* It is apparent from the "Intake" columns of Tables 
14 and 15 that the intake of Plant 159 contains 
much more dissolved solids (and specifically F, 

P04 and S04) than the intake of Plant 028. 

* The waste water quantity percent of production 
for Plant 028 is three times that of Plant 159. 

The above three differences are interrelated and affect the 
quantities of fluoride, phosphate and sulfate discharged by Plant 
159 because the effluent concentrations are of the same magnitude 
as the solubilities of the corresponding calcium salts. Hence, 
the effluent quantities are significantly influenced by factors 
other than the treatment of the process waters. 

The effectiveness of control and treatment techniques used by the 
four phosphorus plants cited are summarized in Table 13. Plants 
028 and 159 achieve very hiqh (97% to 99t%) control and treatment 
efficiencies and correspondingly low quantities (although not 
absolutely zero) cf discharged constituents. 

In areas of the country where very severe and extended cold 
weather prevails, total recycle of process water becomes diffi¬ 
cult for two reasons: 


1. The return water piping and pumping must be protected 
against freezing. However, technology such as buried 
water mains and enclosed, heated pumping stations has 
been amply demonstrated in the chemical industry and in 
water supply operations. 

2. The settling ponds may freeze. In a total recycle 
system, this circumstance would prevent the required 
water from being supplied back to the process. If 
auxiliary fresh water supply were provided to uncouple 
the process from frequent climatic perturbations, the 
pond system would have to consist of sufficient holding 
capacity to prevent temporary overflow and would have 
to contain sufficient evaporative capacity to prevent 
long-term accumulation of water. 
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Recommended Effluent Limitations Guidelines Pased Upon Best 
Practicable Control Technology Currently Available 


In view of the existence of three plants (028, 159 and 181) which 
have already achieved zero discharge of elemental phosphorus, in 
view of the existence of one plant (181) which has already 
achieved zero discharge of all process waters, and in view of two 
plants (028 and 159; that are achieving exemplary performance, it 
is recommended that the best practicable control technology 
currently available for a period of 30 consecutive days be: 


Total suspended solids 
Total phosphorus 
Fluoride 

Elemental phosphorus 
pH 


0.5 kg/kkg (1.0 lb/ton) 
0.15 kg/kkg (0.3 Ib/ton) 
0.05 kq/kkg (0.10 lb/ton) 
No detectable quantity 
Within the range 6.0 - 9.0 


Waste Water from Ore Washing or Beneficiation 

The best practicable control technology currently available 
recommended in the previous paragraphs does not include wastes 
from the beneficiation or washing of phosphate rock. This 
beneficiation is commonly but not exclusively conducted at a 
separate off-site location. The huge raw waste load from 
beneficiation, 7.5 kkq of qangue Der kkq of phosphorus eventually 
produced, warrants a separate study and separate effluent 
limitations guidelines. 
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The Phosphorus Consuming Subcateqory 
Phossy Water 

Gross discharges of phossy water are presently avoided by pumping 
displaced phossy water from the plant's phosphorus storage tank 
back into the emptying rail car which brought the phosphorus, and 
by transporting this displaced phossy water to the phosphorus 
producing plant for treatment and/or re-use. Such is the 
practice at Plants 037 and 192. 

Smaller auantities of phossy water discharge may also be elimi¬ 
nated through the use of standard engineering techniques. The 
phosphorus storage tank level control system may be altered to 
provide an auxiliary water overflow tank with return of the water 
to the main tank. The avoidance of elemental phosphorus in plant 
sewer lines can be implemented with more stringent process and 
operator controls and procedures and by providing traps 
downstream of reaction vessels. 

In view of the harmful qualities of elemental phosphorus and in 
view of the available choices from state-of-the-art control 
techniques, the recommended best practicable control technology 
currently available for phossy water is no discharge of 
pollutants. 

Phosohoric Acid Manufacture 

Exemplary Plant 075 operates without the discharge of any process 
water. There is no fundamental or practical reason why process 
water should be discharged at all from any dry-nrocess phosphoric 
acid plant. Minor leaks and spills may be minimized, collected 
and treated using control techniques generally available and 
demonstrated in the industry. 

The recommended effluent limitations guideline of no discharge of 
process waste water pollutants applies generally, and with 
special emphasis, to elemental phosphorus (i.e., phossy water) 
and to arsenic residues from the purification of phosphoric acid. 

Phosphorus Pentoxide Manufacture 

The single raw waste constituent is phosphoric acid from water 
tail-gas seals. Application of two standard techniques would 
enable total recycle of this waste water: 

1. Reduction in waste water quantites by using dilute 
caustic or lime slurry as tail gas liquor instead 
of pure water, increasing the absorptive capacity 
for P205. 

2. Lime treatment and sedimentation to neutralize and 
to remove the phosphate, permitting total recycle. 
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currently available for phosphorus pentoxide manufacture i~> n 
discharge ^process waste water pollutants to navigable liters 
tnrPtoLl recycle is or^cticable technology, this recommended 
giideline is not Effected by modest inaccuracies in the standard 
raw waste as estimated in Section V. 

phosphorus Pentasulfide Manufacture 

fumes°from°casting Te^trlT tll^Z 

the use of inert-atmosphere castinq or vacuum casting 

permit total recycle of scrubber water. 

1 use of dilute caustic or lime slurry instead of pure 
water would reduce the waste water quantities j^Y ln 
creasing the adsorptive capacity for P205 and S02. 

2. Partial recycle of scrubber liquor from a sump would 
reduce the waste water quantity by decoupling the 
buildup of absorbed acids from the mass-transt .r 
requirements for high scrubber flow rates. 

3 Lime treatment and sedimentation to neutralize and 
to remove phosphate, sulfite and sulfate would per 
mit total recycle. 

• fhtiqp different practicable alternatives, the 

In vie ” , t-st practicable control technology currently 
avauabie for phosphlrS ^ntasulfide manufacture is no discharge 

„ ss waste' water pollutants to navigable 
total recycle Is Practicable technology, ^thrs^ recommended 

effluent guidelrn t as estima ted in 

inaccuracies in the standard raw wa^pe 
Section V. 

This effluent limitations guideline also applies to any 
w-ich residues from the purification of P2S| ; these soiia 
;ay be disposed of by burial as in Plants 147 and 192. 

Phosphorus Trichloride Manufacture 

acid wastes from phosphorus _ trichloride^manuf acture^arise 


f rom^^^the" "'"hydrolysis of PCI 3 in scrubber water 

reactor/still from product s t°raqe 'a^®' 
operations, and from container 


transferring 


from product 
.-..w... _ cleaning. The 

scrubber water may be collected in a sump and recy 1 st ^n 
decrease the wasted quantity of s ^ubber water ^whlle .till 
maintaining sufficient scrubber flow rates J“ ec 

transfer) and to increase the concentration 


constituents. 
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Lime treatment of the wasted water would neutralize the acids and 
would precipitate the phosphite and phosphate wastes as calcium 
salts. Subsequent sedimentation in a mcchanically-raked 
clarifier, with the use of a polymeric flocculant, could effec¬ 
tively remove 85 percent of the suspended solids as a sludqe. 
This sludge may then be hauled as a slurry for direct landfill or 
may be dewatered in sand drying beds or mechanically before 
landfilling. The clarified water may then be discharged, with 
the following recommended best practicable control technology 
currently available: 

Total Phosphorus 0.8 kg/kkg (1.6 lb/ton) 

Total Suspended Solids, 0.7 kg/kkg (1.** lb/ton) 

Arsenic 0.00005 kg/kkg (0.0001 lb/ton) 

pH 6.0 to 9.0 

based on the raw waste load as determined in Section V: 


HCl 3 kg/kkg (6 lb/ton) 

H3P03 + H3P04 2.5 kg/kkg (5 lb/ton) 

The soluble CaCl2 resulting from lime-neutralization of HCl is 
4.5 kg/kkg (9 lb/ton); allowing for some small amount of 
unprecipitated phosphite and phosphate brings the total dissolve 
solids to 5 kg/kkg (10 lb/ton). The quantity of precipitated 2 
CaHP03.3H20, Ca3(P04)2, or 9 CaO.3P205.Ca(OH)2 is dependent on 
the relative quantities of these compounds, but is no more than 
4.5 kg/kkg (9 lb/ton). With a sedimentation efficiency of 85 
percent, the total suspended solids in the effluent should be no 
more than 0.7 kg/kkg (1.4 lb/ton). 


In the case of PC13 manufacture, the soluble chlorides are not 
removed by the Applicable "best practicable control technology 
currently available," so that the recommended best practicable 
control technology currently available is not zero discharge. In 
treating the raw wastes, the total quantity of constituents is 
not reduced: 5.5 kg/kkg (11 lb/ton) in the raw waste vs. 5.7 
kg/kkg (11.4 lb/ton) in the treated effluent. However, the 
treatment does remove the acidity, substituting for it residual 
alkalinity. 


Zero discharge of arsenic-rich reactor/still residues is recomm¬ 
ended, since trichloroethylene treatment (as described in Section 
VII) may be applied. 


Phosphorus Oxychloride Manufacture 

The types of raw wastes, the types of applicable control and 
treatment technologies, and the reason for the best practica le 
control technology currently available not being zero discharge, 
are all identically parallel for POC13 manufacture as they are 
for PC13 manufacture. The difference is one of magnitude. For 
POC13 manufacture, the raw waste load as determined in Section 

is: 
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HCl 

H2P03 + H3P04 


2 kg/kkg (4 lb/ton) 
0.5 kg/kkg (1 lb/ton) 


beat^practicabl^control technoloqy-currently^vailable^ef fluent 

limitations guideline are: 


Total 

Total 

pH 


phosphorus 
Suspended Solids, 


0.17 kg/kkg (0.34 lb/ton) 
0.15 kg/kkg (0.3 lb/ton) 
6.0 to 9.0 
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l_ pVinmi nr\ 1 LOItiPanv 


The Phosphate 


Subcateqory 


Sodium Tripolyphosphate Manufacture 


Exemplary Plant 0 42 has no process wastes. The dust fleeted 

lllTi? ilZ s tT.T^loZri ,"r 

hinq operation. 

This Plant is an excellent example where a combination of in- 

totally avoid any aqueous wastes. Plants 006 and 11. also a 
no discharqe of process waters. 

In view of this demonstration, and in view of the general, apn- 

^ _y_i l it-v of such techniques throuqhout the industry, the 
licability ot suen yen 4 contro i technoloqy currently 

recommended best practicable concr pollutants to 

available is no discharqe of process waste war^x p 

naviqable waters. 

Animal-Feed Grade Calcium Phosphates 

rsm. as: is sw'.nraw^s 

Sl“11!S5»'SSS i. r.«jj« 

recycled through a cooling tower, with the blowdown used as make- 
U sl^L t ed he we^ 1 ifter S Is U SiS a for y ^Ung n «-e? n^e-u^ 

^esl^trils r-^SSlS^: 

S£„r JSSSSuS and^otal^recycle 11 scrubber"^ter ££* 
results in the discharqe of no aqueous wastes. 

in view of this demonstration, and in view of the general app¬ 
licability of such techniques throuqhout the industry, the re 
commended^best practicable control technology currently available 
is no discharqe of process waste water pollutants to naviga 

waters. 
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Food-Grade Calcium Phosphates 


The raw aqueous wastes from the manufacture of food qrade calcium 
phosphates* are from two primary and approximate! y equal sources: 
the centrate or filtrate from dewaterinq of the dicalcium 
phosphate slurry, and the effluent from wet scrubbers which 
collect airborne solids from product dryinq operations. Both of 
these sources contain suspended, finely divided calcium phosphate 
solids and phosphoric acid from acid units and from excess acid 
in the reaction liquid. The total raw waste load (from Section 
V) is: 

Process Water Wasted 4,200 1/kkg (1,000 qal/ton) 

Total Susoended Solids (2.4%) 100 kg/kkg (200 lb/ton) 

Phosphoric Acid (0.7%) 30 kg/kkq (60 lb/ton) 

The first type of currently available control technology that may 
be applied is the substitution of dry dust bag collectors for wet 
scrubbers, as has been done at Plants 003, 042, 119, and 182. 
The fact that a multi-product plant must provide a separate 
taghouse for each product does not deny the current availability 
of this technology, but rather increases the cost of such an 
installation. However, Plant 003, which is a multiple-product, 
food qrade, calcium phosphates plant, has justified the 
installation of separate baqhouses on the sole basis of 
profitability from product recovery. 

The elimination of wet scrubbing systems would halve the aqueous 
waste load so that it would then consist of 2,100 1/kkg (500 
qal/ton), containing 2.4 percent of suspended solids amounting to 
50 kq/kkg (100 lb/ton) and containing 0.7 percent of phosphoric 
acid amounting to 15 kg/kkg (30 lb/ton). 


Lime treatment, clarification and sedimentation (with the aid of 
polymeric flocculant) may then be used to precipitate, the 
phosphate and remove suspended solids to 25 mg/1. The clarifier 
underflow will remove the bulk of the suspended solids. 
Dewatering of these solids may be required to make them suitable 
for landfill. The practice at Plant 006 after lime treatmert for 
neutralization and precipitation of phosphate wastes is vacuum 
filtration of the slurry from the clarifier underflow. The water 
lost with the solids reduces the effluent flow to 1800 1/kkg (430 
gal/ton) containing: 

Suspended Solids 0.06 kg/kkg (0.12 lh/ton) 

Total Pnosphorus 0.03 kq/kkq (0.06 lb/ton) 
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SUMMARY OF FROPOSED BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY 
AVAILABLE 

No Discharge of Process Waste Water Pollutants 

The proposed best practicable control technology currently 
available for process waste water is no discharge of pollutants 
for the manufacture of the following chemicals: 

Phosphorus Consuming Subcategory 

Phosphoric Acid (Dry Process) 

Phosphorus Pentoxide 
Phosphorus Pentasuifide 
Phosphate Subcategory 

Sodium Tripolyphosphate 

Calcium Phosphates (Animal-Feed Grade) 

Permitted Discharge 

The proposed best practicable control technology currently 
available for process water for the manufacture of phosphorus 
(and ferrophosphorus ), PC13, POC13 and food grade calcium 

phosphate require that the average of daily values for 30 
consecutive days shall not exceed: 


Suspended 

Solids 

Phosphorus 

and 

Ferrophosphorus 

Phosphorus 

Trichloride 

Phosphorus 

Oxychloride 

Food Grade 
Ca lcium 
Phosphate 

kq/kkg 

Total 

Phosphorus 

0.5 

0.7 

0.15 

0.06 

kg/kkg 

Fluoride 

kg/kkg 

Arsenic 

kg/kkg 

0.15 

0.05 

0.8 

0.00005 

0. 17 

0.03 

oH 

6.0-9.0 

6.0-9. C 

6.0-9.0 

6.0-9.0 


The above guidelines apply to maximum averages of daily values 
for any period of 30 consecutive days. 

The pH range is to be maintained at all times. 

The permitted maximum concentration for any one day period for 
suspended and dissolved solids is twice that of the consecutive 
30 day average value. 
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SECTION X 


EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF THE 
BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 


INTRODUCTION 

The effluent limitations which must be achieved by July 1, 1983, 

are based on the degree of effluent reduction attainable through 
the application of the best available technology economically 
achievable. For the phosphate manufacturing industry, this level 
of technology was based on the very best control and treatment 
technology employed by a specific point source within the 
industrial category or subcategory, or where it is readily 
transferable from one industry process to another. Best 
available technology economically achievable places equal 
emphasis on in-process controls as well as on control or 
treatment techniques employed at the end of a production process. 

Those plant processes and control technologies which at the pilot 
plant, semi-works, or other level have demonstrated both technol¬ 
ogical performances and economic viability at a level sufficient 
to reasonably justify investing in such facilities were also con¬ 
sidered in assessing the best available technology economically 
achievable. This technology is the highest degree of control 
technology that has been achieved or has been demonstrated to be 
capable of being designed for plant scale operation up to and 
including "no discharge" of pollutants. Although economic 
factors are considered in this development, the costs for this 
level of control are intended to be for the top of the line of 
current technology subject to limitations imposed by economic and 
engineering feasibility. However, best available technology 
economically achievable may be characterized by some technical 
risk with respect to performance and with respect to certainty of 
costs. Therefore, this technology may necessitate some 
industrially sponsored development work before its application. 

The following factors were taken into consideration in determin¬ 
ing the best available technology economically achievable: 

a. The age of equipment and facilities involved; 


b. The process employed; 

c. The engineering aspects of the application of various 
types of control techniques; 

d. Process changes; 

e. Cost of achieving the effluent reduction resulting from 
application of best available technology economically 
achievable;and 
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f. 


Non-water quality environmental impact (includinq fn. rqy 
requirements). 


PROCESS WATER GUIDELINES 

raS“a?erul“ inJermediatest'prSductst'by-prSu^s? or gas or 

Uquid that his accumulated such constructs. 

On the basis of the "de'on^he 

r " 

& various V categories n of°the phosphfte manufacturing industry, 
phosphor u^Oxychloride^and^ood^Grade calcium^Phosphate 1 " 

The recommended best mailable technoloqy^conomically^achrevable 

for process water are .^f, effluent limitations Guidelines, 
technology currency available ee ^ pollutants to naviqable 

ii e tii for^the^manufactur^of S the S £ollowing P C hemicals = 

Phosphorus-consuminqcSubcateqoryces^ 

Phosphorus Pentoxide 
phosphorus Pentasulfide 
Phosphate subcategory 

sodium Tripolyphosphate rr _ de a 

Calcium Phosphates (Animal Feed Grade) 


The Phosphorus Production Subcategory 


a. , . „ water from all sources is 

At Plant 181 , the lim ^ d . h clarified water is held in 

clarified in settling ponds, a ^he recycle of all water 

re-use water supply P onds * Because phosphates and 

at this plant, with zero ^ ,'ent and sedimentation, ther- 

fluorides are removed by lime tr t t control of dissolved 

is no requirement to bleed off water ror 

solids. 

Under conditions of very J^J^d^yste^ the ^nly 1 over flow would 
exceed the capacity of P nonds thereby minimizing 

be°from the final re-use water -PP^^tlnauJ discharged. The 
the quantitites of pollut . a water deficit, due to 

recirculating water system runs evaporation in the pond 

evaporation in the process arrfto net and can ,e 

con trolled ^ to* compensate for temporary swings in the pon 

evaporation/rainfall balance. 
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It is therefore recommended that the best available control 

&SST s-=ss£ 

waters. 

Manufacture of Phosphorus Trichloride and phosphorus oxychloride 
In-Process Controls 

The larqest contribution to the raw waste load from these pro- 
Jesses ilfrom the escape of PC13 vapor from the reactor/stllls. 

The methods for drastically reducinq this c °3* r ^“* 10 J * 'ter- 
...i. the substitution of refrigerated condensers tor water 

JoJied condenses oJ the addition of refriqerated condensers 

downstream of water-cooled condensers. Refriqerated 

are already in use at Plant 037 in the manufacture ot TOC13 y 

the air-oxidation process. 

As an added step, a demister can be added of ^he re¬ 

friqerated condenser to prevent condensed but .^-^rsed IC1J tr 
escapinq to the scrubber. one concept for this demister is a 
IhSrt section of colum- packed with metal packinq (tor good heat 
transfer) within the refrigerated condenser. 

no a corollary to this principle, other sources of PC13 and POCll 

vapors could be controlled by refrigerated cond, e "«InsfJr Jf 
traos The storage tank vent and vents for the transrer or 
liquid products are included in this concept. Aiter natively^ the 
liauid Droducts could be maintained at low temperatures Dy 
ref riqeratingcoils in the storage tanks so that vapors from 
storage and transfer would be minimized. 

In view of the order-of-magnitude or greater reduction in the 

re?^g^^IoJ\e^r;iSrJhfJffelt 1 Jj nq pcir= r cnd-^tp 11 fr^ 

tScrheas^L^e^r^th^ 1 1i? 

mist) losses could be cut to 10 percent of the present values. 

The acid wastes from washing tank cars and tank trucks, and from 
washing used P0C13 filter elements are very -mall n 0 (n ka/kkq 
amounting to 0.014 kg/kkg (0.028 lb/ton) of HC1 andare Ce£y 
no? ib/ton) of total phosphates (see table 8) . These r y 

fractions of the total raw waste load discussed in section 
V The wastes from cashing returnable nickel drinns, however, is 
estimated to be much larger. Should this raw wasteindeedorove 
significant, the returnable container use could be 
favor of non-returnable, epoxy-lined drums (as is the parti 1 
practice at Plant 147 for PCI:)) . 

Another minor source of waste water is the generation of HC1 (not 
PCI3) from the reactor/stills, resulting from small quaintrti< L 
stray moisture in the vessels. The HCl is driven off as a non 
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H3P03 and H3P04 is retained 


condensible while the corresponding 
as reactor residue. 

All in all, the rrt h r»i n SasK C aTo ITrllfs 

could drastically reduce the r estimated raw waste quantities 

of the original value, so that^he manufacture, : 

would then become (tor eitner 


HCl 

H3P03 ♦ 


H3P04 


0.3 kg/kkg (0.6 lb/ton) 
0.25 kg/kkg (0.5 lb/ton) 


, , i „ ua p water constituent 

As important as the red*£ion in t! reduction in the quantit -f 
quantities would be a correspon should be verv . 

smaUe^and IhSuIl require much lower water flow rates. 

As an added step the scrubber water coulee 

sump, thereby decoupling t sfer requirements for scratbinq 
•the sump) from the cascaded in the plant; tc 

example?° r the Wa wastewater from tank car washing could he used aa 
make-up in the tail-gas scrubber system. 

End-of-Process Treatment 

At the new low levels of waste water flow tates^and^ ^"Without 

sedimentation^* would ^ItlnWhe following waste water charac- 
teristics; 


Waste water Quantity 
Total Dissolved Solids 
Total Suspended Solids 
pH 


500 1/kkg (120 gal/ton) 
0.5 kg/kkg (1.0 lb/ton) 
0.35 kg/kkg (0.7 lb/ton) 
6-9 


Further lime neutralization and removal of suspended^solids^wo^ld 

^?d eC t 1 r a a^ Y ofr d re?uc t tWn qUa in tlt t Y otal suspended solids for 
higher pH levels. 

At this point, the » f te water quantity W o OUld o be t e o Xtremel L loW fi . 

SS/cTSS 1 ^: It edition can 

plant manufacturing 59 (6 ^ ou i d be 30,000 liters/day 

rat/dayW Ws?ng Whe dita of Section VIII for single- 

effect evaporation. 


Capital Cost = $6^700 
Annual Costs: Capital Recovery 
Taxes & Insurance 
Operation 6 Maintenance 
(including energy) 
UnitjB<5sS = $0.85/kkg (10.77/ton, 


$ 1,600 
300 
14.700 
$16,600 










This unit cost is only 0.3 percent of the current selling price, 
$295/kkg ($268/ton>. 

It is entirely possible that a rigorous economic evaluation might 
result in a decision to dispose of the original raw waste load by 
evaporation, rather than to bear the expense of the in-process 
controls discussed above which minimize (but do not eliminate) 
the waste. The waste water quantity to be evaporated would be 
the original quantity, 5,000 1/kkg (1,200 gal/ton), or 300,000 
liters/day (78,000 gal/ton); and the costs would be: 

Capital Cost = $3 8,40 0 
Annual Costs: Capital Recovery 
Taxes G Insurance 
Operation S Maintenance 
(including energy) 

Unit Cost = $8.10/kkg ($7.35/ton) 

The most conservative approach, i.e., to evaporate all of the 
waste water without any in-process control to reduce its 
quantity, would cost 2.8 percent of the current selling price. 
The fundamental reason is that despite the hiqh unit cost of 
evaporating water, the waste water quantities for PC13 and POC13 
are very small. The conclusion is reached that the application 
of this available technology is economically achievable. 

The final step of total evaporation would bring the PC13 and 
POC13 manufacturing processes into line with the rest of the 
phosphate industry by achieving the national goal of eliminating 
the discharge of all pollutants. 

It is therefore recommended that the best control technology 
economically achievable for PC13 and POC13 manufacture be no 
discharge of process waste water pollutants to navigable waters. 

Food Grade Calcium Phosphate Manufacture 

After elimination of wet scrubbers as described in Chapter IX 
standard lime treatment and sedimentation may be used to 
neutralize these remaining wastes, to precipitate the phosphate, 
and to remove a nominal 85 percent of the suspended solids (with 
the possible aid of a polymeric flocculant). At a pH of 10.5, 
the remaining concentration of dissolved solids would be 
approximately 0.3 mg/1. The quantity of waste water would be 
approximately 85 percent of concentration of dissolved solids 
with the remainder landfilled with the underflow from the 
clarifier as wet sludge. The clarified overflow would than 
consist of 1,800 1/kkg (430 gal/ton) containing: 

Dissolved Solids 0.0005 kg/kkg (0.001 lb/ton) 

Suspended Solids 11 kg/kkg (22 lb/ton) 


= 8,900 
= 1,900 
= 147,000 
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The demonstrated practice at Plant 006, after lime treatment for 
neutralization and for precipitation of phosohate wastes, is 
vacuum filtration of all of the slurry from the clarifier 
underflow. 

Vacuum filtration (possibly after conditioning with a polymeric 
flocculant) can reduce the suspended solids content of the waste 
water from phosphates to the level of 0.5 mq/1. Based on these 
data and on the level of dissolved phosphates of 0.3 mg/1, the 
discharge would contain on the basis of the total process water 
wasted, 4,200 1/kka (1,000 gal/ton): 

Total D■ssolved Solids 0.0015 kg/kkg (0.003 lb/ton) 

Total Suspended solids \^_0.0025 kg/kkg (0.005 lb/ton) 

With the achievement of these extremely low levels of TDS and 
TSS, or even with considerable relaxation of these levels, the 
treated-waste water from the manufacture of food grade calcium 
phosphate is expected to meet the U.S. Food and Drug 
Administration criteria for process water and this treated water 
can then be recycled back into the process. No product purity 
restrictions exist any longer which had previously necessitated 
discharge. In fact, once the commitment to total recycle is 
made, the lime treatment step may be bypassed since the ionic 
species from the dissolved solids and the phosphoric acid are 
precisely those desired in the reaction vessel. However, the 
problem of waste segregation is sufficiently great that for 
reasons of product purity existing plants may not be able to make 
the necessary changes by 1977. 

It is therefore recommended that the best available control 
technology economically achievable for food grade calcium 
phosphate manufacture be no discharge of process waste water 
pollutants to navigable waters. 
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SECTION XI 






NEW SOURCE PERFORMANCE STANDARDS 
AND PRETREATMENT RECOMMENDATIONS 


INTRODUCTION 

This level of technology is to be achieved by new sources. The 
term "new source" is defined in the Act to mean "any source, the 
construction of which is commenced after publication of proposed 
regulations prescribing a standard of performance." New source 
performance standards are to be evaluated by adding to the 
consideration underlying the identification of best available 
technology economically achievable a determination of what higher 
levels of pollution control are available through the use of 
improved production processes and/or treatment techniques. Thus, 
in addition to considering the best in-plant and end-of-process 
control technology identified in best available technology 
economically achievable, new source performance standards are to 
be based on an analysis of how the level of effluent may be 
reduced by changing the production process itself. Alternative 
processes, operating methods and other alternatives were to be 
considered. However, the end result of the analysis identifies 
effluent standards which would reflect levels of control 
achievable through the use of improved production processes (as 
well as control technology), rather than prescribing a particular 
type of process or technology which must be employed. A further 
determination which was to be made for new source performance 
standards is whether a standard permitting no discharge of 
pollutants is practicable. 

The following factors were considered with respect to production 
processes which were analyzed in assessing new source perrormance 
standards: 

a. The type of process employed and process changes; 

b. Operating methods; 

c. Batch as opposed to continuous operations; 

d. Use of alternative raw materials and mixes of raw 
materials; 

e. Use of dry rather than wet processes (including 
substitution of recoverable solvents for water); and 

f. Recovery of pollutants as by-products. 
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PROCESS WATER GUIDELINES 


On the basis of the information contained in Sections III through 
X of this report the following determinations were made on the 
degree of effluent reduction attainable with the application of 
new source standards for the various categories of the phosphate 
manufacturing industry. 

Since the best practicable control technology currently available 
effluent limitations guidelines for all of the chemicals consid¬ 
ered in this study of the phosphate category were no discharge of 
process waste water pollutants to navigable waters, the 
recommended new source performance standards are identical tc* the 
best available technology economically achievable. 

PRETREATMENT RECOMMENDATIONS 

In addition to the recommendation of new source performance 
standards and related effluent limitations covering discharges 
directly into waterways, the constituents of the effluent 
discharge from a plant which would interfere with, pass through, 
or otherwise be incompatible with a well designed and operated 
publicly owned activated sludge or trickling filter waste water 
treatment plant were identified. A determination was made of 
whether the introduction of such pollutants into the treatment 
plant should be completely prohibited. 

Waste Water Flow Rate 

A determination must be made on an individual basis about the 
impact of a plant's discharge on the total hydraulic capacity of 
both the municipal collection system and the municipal waste 
water treatment plant. At an extreme, hydraulic overloading will 
result in overflows or by-passes as the capacities of pumping 
stations (both in the collection system and the raw waste water 
pumping stations at the treatment plant) are exceeded. It must 
be remembered that an overflow of combined industrial/municiral 
waste water has the same adverse environmental effect as an over¬ 
flow of raw domestic sewage. At a minimum, hydraulic overloading 
would result in reduced efficiency of the treatment plant 
because: 

* Primary and secondary clarifiers would be 
operating at excessive overflow rates; 

* Secondary treatment units (activated sludge or trickling 
filters) would be operating at a food deficiency since 
the waste water from the phosphorus chemicals industry 
would provide no organic material; 

* Trickling filters would become flooded (and so anaerobic); 

* Grit chambers would have a high linear velocity resulting 
in the carry-over of grit and the subseguent adverse 
effects on equipment; 

* The capacity of air blowers for activated sludqe second¬ 
ary treatment may be exceeded, resultina in reduced 

1787 

]<4U 










levels of dissolved oxyqen; 

* The capacity of chlorinators may be exceeded, resulting 
in insufficient disinfection; and 

* The critical operating parameters of the activated sludge 
unit may be compromised. 

The domestic waste water flow rate follows a well-known diurnal 
cycle; if the industrial contribution could be staqgered to 
provide flow equalization, the impact of the added flow rate 
could be minimized. Conversely, sporadic slug dischaiges could 
make periodic overloading more probable. 

Suspended Inorganic Sjlids 

High concentrations of suspended inorganic solids might, overload 
the primary sludge collectors, the primary sludge pumps, the 
sludge thickener, the sludge dewatering operation, and the sludge 
disposal system. In addition, since these solids provide no 
organic food for secondary treatment organisms, they would reduce 
the active biological-solids fraction (i.e., reduce the mixed 
liquor volatile suspended solids), thereby reducing the 
efficiency of secondary treatment. 

Acidity 

While moderate alkalinity may be tolerated since carbon dioxide 
produced in secondary treatment by the microbial oxidation of 
organic material will provide neutralization, free mineral 
acidity normally cannot be tolerated by the organisms in the 
secondary treatment biomass. The proteins in these organisms are 
precipitated and coagulated at pH 4 to 5. 

Another strong reason for avoiding acidic contributions to pub¬ 
licly-owned treatment plants is that acidic wastes would dras¬ 
tically promote corrosion of equipment. 

It is recommended that the allowable pH range be set at 6 to 
10. 5. 


Dissolved Inorganic Solids 

Dissolved inorganic solids would pass through a secondary waste 
water treatment plant without being removed. Hence, reliance on 
publicly owned treatment plants would be no treatment at all with 
respect to dissolved solids, and it would be equivalent to direct 
discharge. 

The pretreatment standards for dissolved inorganic solids should 
be the same as the applicable or proposed effluent limitations 
guidelines. 

Heavy Metals or Harmful Materials 
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Metals or harmful materials would at best, pass through a 
publicly owned treatment plant, and at worst, adversely a 
the microorganisms in secondary treatment. Elemental phosphorus 
(as phossy water) and enriched arsenic compounds are substances 
that may be discharged into municipal sewer systems from this 
industry. Special attention is brought to pretreat wastes for 
removal of these materials. 

It is recommended that the pretreatment standards be no discharge 
of metals or harmful materials. 

Dissolved Phosphates 

While dissolved phosphates would generally pass through secondary 
treatment plants with the waste water treatment plant effluent, 
they would affect the sludge operations. Gravity-thickened 
sludge (6 to 12 percent solids) is normally conditioned with 
lime, ferric chloride, or alum before dewatering operations, 
although polymeric flocculants are also widely used. The phos¬ 
phates would be precipitated as the calcium, ferric, or aluminum 
phosphate and would thus render the conditioning step ineffective 
by partially or totally removing the active cation from solution. 

A similar situation exists in tertiary treatment, in the phos¬ 
phate removal step using lime, ferric chloride, or alum. In this 
case, the chemical requirements would be increased and the sludge 
handling capacity of the treatment plant could be overloaded. 
While these^ preireatment standards apply only to secondary 
plants, precautions should be taken to avoid adverse effects when 
•tertiary treatment might be added in future years. 

Summary of Recommended Pretreatment 

Due to the nature of the process waste waters of the P^ so P^ or "J 
producing and the phosphorus consuming subcategone^ it is 
recommended that these wastes not be discharged into publicly 
owned treatment works. These waste waters are considered to be 
incompatible with such works principally because of harmful con 
stituents such as elemental phosphorus and the possible presence 
of arsenic, cadmium, uranium and like metals also present in t e 

phsohate ore. 

The principal contaminant from the phosphate subcategory is 
phosphate, which is incompatible with secondary treatment P^^ts. 
However, these wastes are considered to be compatible with 
tertiary treatment plants designed, constructed and operated to 
remove dissolved phosphates. 
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SECTION XIV 


GLOSSARY 

All underlined numbers within a chemical formula represent 
normally subscripted numbers. Physical limitations of the 
printing device make this system necessary. For Example, H20 
represents water. 

Barn 

A room-like condensation chamber for anhydrous phosphorus 
pentoxide. 

Burden 

The combined rock, coke and silica feed to a phosphorus electric 
furnace. 

Calcination 


Heating of a solid to a temperature below its melting point to 
bring about a state of thermal decomposition or a phase 

transition other than melting.(73) 

4 

DCP 

Dicalcium Phosphate Dihydrate, CaHP042H20. 

Dr y Process Phosphoric Acid 

Phosphoric acid made from elemental phsophorus. Also called 
furnace acid. 

Eutecti c 

The lowest or highest melting point of an alloy or solution of 
two or more substances that is comprised of the same 

components. (7 3) 

Ferrophot phorus 

A by-product iron-phosphorus alloy of phosphorus smelting, 
typicaily containing 59 percent iron and 22 percent phosphorus. 
Symbolized as Fe2P in this report. 

Flux 

A substance that promotes the fusing of minerals or metals or 
prevents the formation of oxides. For example, metal refininq 
lime is added to the furnace cbarqe to absorb mineral impurities 
in the metal. A slag is formed which floats on the bath and is 
run off. (7 3) 









Fur n ace Acid 

Phosphoric acid made from elemental phosphorus. Also called dry 
process phosphoric acid. 

G angue 

The minerals and rock mined with a metallic ore but valueless in 
themselves or used only as a by-product.(73) 

H yd rol ysis 

A chemical reaction in which water reacts with another substance 
to form one or more new substances. (7 3) 

I mmiscible 

The property of one liquid being unable to mix or blend uniformly 
with another. 

1 

liter. 

MCP 

Monocalcium Phosphate Monohydrate, Ca(H2P04)2 - H20. 

Nodule 

Semi-fused agglomerated and calcined phosphate rock particle. 

Pdt 

Product. 

P hosphorus Mu d 

Sludge or emulsion of phosphorus, dust and water. 

Phospho r us Oxychloride 
P0C13. 

Phosphorus Pent a sulfide ^ 

P2S5. 

Phosphorus Pentoxi de 
P205. 
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Phosphorus Tr ichlorid e 
PC13. 

Phossy Wate r 

Water containing colloidal phosphorus. 

Process Water 

Any water which, during the manufacturing process, comes into 
direct contact with any raw material, intermediate product, by¬ 
product, waste product or finished product. 


The fused agglomerate which separates in metal smelt.inq and 
floats on the surface of the molten metal. Formed by combination 
of flux with gangue of ore, ash of fuel, and perhaps furnace 
lining. The slag is often the medium by means of which 
impurities may be separated from metal. (73). 

STP 

Sodium Tripolyphosphate, Na5F301 .C. 

TCP 

Tricalcium Phosphate, Ca,3(P04)2. 

Transport Water 

(1) Water used to carry solids from a site in a slurry form. 

(2) Water accompanying a chemical in transport which is either 
immiscible with water or highly insoluble in water. The water 
acts as a blanket preventing contact of air or other substances 
with the chemical. 

W et Process Phosphoric Acid 

Phosphoric acid made from phosphate rock and sulfuric acid. 
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TABLE 20 


METRIC UNITS 
CONVERSION TACI.E 


MULTITLY (EL'CI.ISli UN 

ITS) 

by 

TO OBTAIN 

(METRIC UNITS) 

ENGLISH UNIT 

ABBREVIATION 

CONVERSION 

ABBREVIATION 

METRIC UNIT 

acre 

ac 

0.405 

ha 

hectares 

.■ crc - feet 

ac ft 

1233.5 

cu m 

cubic meters 

British T h e r n a 1 

Uni t 

BTU 

0.252 

kg cal 

kilogram-calories 

British Thermal 

BTU/lb 

0.555 

kg cal/kg 

kilogram calorics/ 

Unit/pound 
cebic feet/minute 

cf m 

0.028 

cu t/ain 

kilogram 

cubic neters/minute 

cubic fect/sccond 

cfs 

1.7 

cu m/min 

cubic meters/minute 

cubic feet 

cu ft 

0.028 

cu m 

cubic meters 

. b i c feet 

CU ft 

28.32 

1 

liters 

•.able inches 

cu in 

16. 39 

cu cm 

cubic centimeters 

iL?»rop Fahrenheit 

* F 

0.555(°F-32)* °C 

degree Centigrade 

feet 

ft 

0.3048 

a 

meters 

a.', lien 

gal 

3.785 

1 

liters 

gallon / minute 

gpm 

0.0631 

1/sec 

liters/second 

horsepower 

hp 

0.7457 

kv 

kilIowa11 a 

inches 

in 

2.54 

cm 

centimeters 

inches of mercury 

in Hg 

0.03342 

atm 

atmospheres 

pounds 

lb 

0.454 

kg 

kilograms 

million gallons/day 

mgd 

3,785 

cu m/day 

cubic meters/day 

mile 

mi 

1.609 

ku 

kllocc ter 

pound/square inch 

psig 

(0.06805 psig 

+l)*atm 

atmospheres 

(gauge) 
square feet 

sq ft 

0.0929 

sq m 

(absolute) 
square meters 

square inches 

sq in 

6.452 

sq cm 

square centimeters 

tors (short) 

ton 

0.907 

kkg 

metric tons 

yard 

yd 

0.9144 

a 

(1000 kilograms) 
meters 


* Actual conversion, not a multiplier 
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HOOKER CHEMICALS ft PlAsTICS CORP., ET AL., ) f 

) 

Petitioners, ) 

) 

v. ) No. 74-1683 

) 

RUSSELL E. TRAIN, ) 

) 

Respondent. ) 

_ ) 

— ) 

HOOKER CHEMICALS & PLASTICS CORP., ET AL., ) 

) 

Petitioners, ) 

) 

v . ) No. 74-1687 

) 

RUSSELL E. TRAIN, ) 

) 

Respondent. ) 


CERTIFICATE OF SERVICE 


I hereby certify that on this 20th day of December, 1974, 
one copy of the Deferred Joint Appendix to the briefs in the above- 
captioned cases was served on counsel for Respondent by placing same 
in the United States mail, first class, postage prepaid, properly 


addressed to John J. Zimmerman, Attorney, Department of Justice, 


Washington, D.C. 



Cleary, Gottlieb, Steen & 
Hamilton 

1250 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 223-2151 



December 20, 1974 







